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l a tli« last fa« r^ar* vitattatVA o«l«ttliitioa« oC |^««fei«ll 
li]np«nittol«l h«r« fraan oarried out witttia tba BlMlt«ao4at rraaa« 
«artt aalag lntarao«lata<^<>it|>tad warofttaaUon ** • Tli« aala 
aaaaaption In tliaaa ealoalatlaas ta tHal of a aaifora aiagla* 
parttela varafuootloa for tlia A part iola mA tHa aaolaaaa l a 
dlffariHit naalal throttglKMit tlia p»aliall« Ttila attotolaa tiia 
ratavaat A ^Molaar aatr ix alaaaala to ba paraaatarlaatf l a 
tania of a r»ti>^tlvatr snail aanbor of radaoad matrix alaaaata* 
6al^ Sopor and Dal i ts* hmm fonad tltet tbo a la l ia aaaiiaptlon 
of a oaatraty tiio«bodr A '-nnolaoa ( A M) forao la laadaqaata to 
axplalB tii« data aad tiMir hara tlMr«f«ro» laoladod ttoa«*ooatral 
and ttiroa^liodr foraat la thalr aoalyala* 
Tiia oaaaatlal or l t la laa of tao aboro aaalytls la tbo 
aasaa^tloa of a aalfora aboll-iiodol irtiara tlia alogla«partlela 
varafaaottons «ro kapt oomitaBt throtti^oat tiia p«tball« Two 
Ittportmit offoata ara tbaa aaglaeta^, fba f i r s t of tiMso 
of foots Is tho aanaltlTlty of 0^  to tbo alaa of tbo aiaclaaaf 
an ef f tot ablab vaa aapbMlsad la tbo work of 8ods«r aad 
Utirphr • Tba otbar of foot la tbo varlatloa of tbo /\ waro-
fanotl<Mi as tbo ooro aaotaaa varlaa froa Ho to N* fbo aao 
- a • 
of a m0m A <4mol«it« vnrafaaotioa M « I « tluit t M A <NMoi«it« 
lcta«tle • i i«ri l«« MKI tiM A It iiit«ra«tioii ««trftx •Uaiiats «r« 
ikotti til •rror« Aaotli«r %tt—t «lii«li i s t « t t out in tli« abor* 
•Biitysi* i« tli« owtr«-of-««s« «ff«et« I t i s sot poMibU to 
Moownt for thoso of foots iiiilooo o si^ooifio f»r« of tbo warvo* 
fteneticm aad iaterootioa is takoa« 
la tHo l i i ^ t of tiio abovo or i t io ioa wo bavo aaalxao^ 
tbo f>«*oboll Iqrf^omaeloi biadiag oaorcy <l«ta tufcioft iato atooaat 
tho vajriatimi of both nttotoar oiao aad A w«rofwiOtioa* to 
taaro oloo takoa into aooooat tbo eoatro«of««ooo offoot* ffo 
fiatf tbat aftor tfdittii iato aoeoaat tbooo of foot a tbo aiaplo 
aamo|»ti<Mi of a obargo<-iffidoiioadoaty apia« aatf atato-KtoMBdMitf 
two«bodr ooatral A N intoraotioo io adoqaato to aooooat for tbo 
a«ta« Tbo aoo4 to laolado ao««oofltral Md tbroo-b4Nl/ foreoa 
dooa aot oo^a to ariao* 
Vo ipropoflo ft A If iotoraotion a ia i l a r to tbo ^autboria* 
Urink ~ Slqrnto offootiTo iatoraotioa f ro* «biob tbo tluroo-
bodr and o^ia«orbit t^raa aro osolodod* 
Tbo ttaelooao aro dooorlbod ^ iatoraodiatoHioai^lod 
baraonie ooeitlator varofuaotioao tbo oiso paraaotor of abiob 
aro obtaiaod froa olootron oaattoriat data* Oar aaalyaia i a 
tboroforo l ia i tod to Ibeoo p-oboll bntorauelot for aiiiob tbo 
root««oaa««qttaro radi i of tbo ooro aro tnona* Tbo A pftrtiolo 
- 3 -
««r*ftia«noii i t ebOMA of m slngU Oaiwslaa f*r<i* 
fhm •ipr«»»iott for a^ luirotiroo flvo intorootion 
porMMtoro Mitf mio vortot iMml parwiotort aflMoli^ tlio O I M 
poraflMtor of tlio /\ ««rofttiiotioii« M^o lotorootioa pmtmmtmn 
(arm MOVUWKI oonotiMt t t irooi^ut tlio p«4riioll ood oro dotoniaod 
ifjr • ^ * f l t to tHo ojcporlaoatol toiadiiig wmrgf iloto* fbo 
v«rlAti««iit porMHitor to oot tokoa • • a froo paraaotor iMt i a 
tfotoralaod for oaaii aaoloaa tor a i a i a i s l a i tHo roapoottvo iiiadiag 
oaorgloa att i i ro«p«at to i t * I t i a tlma difforoat i a oaab 
waolaaa* 
la ortfor to toot tlio aoaoit ivi tr of tlio roaotta to ttio 
trpo aad aliapo of tlie A M iatoraatioa w baro alao aaaljraod 
tlio data irtth a Oaaaaiaa aliapo. At tbo aa«o tiao «o baro aado 
a flfatoaatio attoapt to f iad oat wliieli faotora aro aoro 
i ^ o r t a a t i a oaObliag as to got a aatiafaatorr aaooaat of tlho 
data altH a ooatral foroo* 9o fiod that tlio proaaat data aro 
f i t tod alaoat o ^ a l t r ao l l v i l l i oitiior SlorriM or Qoaaaiaa 
iotoraatioaa. Allowiag tHo aaelooa aiao paraaator to too 
difforoat for oaeh aaoloaa aad taHiof i t a variat ioa vittoia ttoa 
t i i t f ta of t to oirporiaoatal arror i s largolr roapoaaitoto for 
oar good f i t to tlio toiading oaorgf data* 
ffa toaro also oatiaatod tlio «oll«doptli D^ of A i a 
aaoloar aattar iH l^ ttoo iataraatioo parMMtors of ttoo Slqrrao 
« 4 • 
M wt t l M tli« Qmmuitm lataraotlofis o^t«ia«< bjr f t t U a < tiut 
A o^ftndliig of f»*9li«ll ti|^»rMtel«i* l a tootH • • • • • tii« v«lti« 
otot«lii»d t» ooaslsttttit Hi til tli« •npiriAat • •UMit«» of 0^  • 
n a a l l r vo bnro «Alimlttttt4 tli« A'tr^ton • « « t l « i l o i o r * * * * 
•«etloA« tli« t9rmmt4-^mlKwr4 rat io F/B» aadl tk« polar* 
•qa l tor ia l rat ta P/8t ta tHa aaatro<-af<-aaaa aaarfr raago 
3-10 llaV vitt i tlio Gaaaalaa latoraatloa, n t h tba siirraa 
lataraatioa aaali an aaalritfa ia aot poaaiUlo* «• fSad that 
oar Qoaaataa tatoraotlon r^rodaooa tlio troa^ i a tha aaattoriaf 
aroa«^aettoa« f /a Md P/g roaaoai^ljr a a l l * wo haro aloo 
ealaalatod tlio tm^r lov-oaorgr aaattorlag i>aranatora» aaaaly 
tlio alagtot aad t r lp tot aaattorinf loaitiia mA offoattvo raagoo* 
Oar offoativo A 19 iataraatioat hotb iiicfrao aad Oaaaaiaa, 
aro attraattvo i a tho alagtot aad t r ip io t rolatlvo I • o atato 
aad ta tho rolat i ro I • t atato thoy aro attroativa i a tbo 
atoglot otato hat roi>alolvo in tho t r ip lo t otata. Stato-
daipoadoaao haa hooa fooad to ho an oaaofttial foatturo of oar 
iatoraatioa* fho o^ta-doi^oadoaao ia approaihblo holag fa i r l y 
ao l l dotoralaod hoth la tho rolatlTo X « 0 aad l a i atatoo* 
noaoTort thoao of foot! vo iatoraatitma aro aot l a «qr way 
aal(|ao* Bat ra^oirlag thoa to ho ahlo to oaoaratalr oatiaata 
t)^ aad aloo roprodaoo tho lo«<«oii»rgr A 9 aoattoriag data roaaoa* 
ahljr a a l l woald olioiaato matof imroaliatia iatoraatioaa* 
« a -
I t ««r t»« dMt rabU to earrf oat aa M A l / a l * ultti 
taprov«<l A «i4 ii«ol«ar war*tunettiHi takftof ia to ftMOVMt tb« 
• f f M t of ooro i>ol.arts«ttoii» ilOMVery tboro oro slroAi i f td l -
••t loiio tliat oueti m tAmlyl9 voaU not pr»rtd« tor olcpiifioant 
lafoniatloii id»at tltroo-botfjr iia4 noa-eontral forooa* Uf ai^iag 
tula « • ara hf no «a«Aa odctaattAf t ^ t tnoh foroaa ara « •« • 
aslataat ao that thalr aaarati ia ra t i l a bat oalr that thair 
•oatrtlmtloB 9^mB to ha qaita amilt aaA haiMa aitaattoaa aliara 
tliar lira iaportaat tfkoald IMI aara fa l l f axplorod* 
- • 
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C II A P r I! It - I 
A hynenittoleu!? t s -a assembly of nuolcions and a t l e a s t 
one hyperon. l a t h i n xiork d i souss ion w i l l bo r e s t r i c t e d to 
the study of A --hypernuolel l, wh«r9 A denote'} tiie nuaber 
A 
Of p r o t t m s , /\ mean^ there l a one A -4typ0eim and ^ I s the 
totf t l nwab«r of bRryons { p r o t o n s , nout rons and tiio la^dDda)* 
Th« f l r a t hypemaoleua was d iscovered l a a oosa io ray eveut 
by two Po l i sh wortcers, i>anys« and Pnlewskl in li*53, :»laoe 
then about twenty hyperauc le l have been I d e n t i f i e d and 
s t u d i e d . 
»topping K" In nuc l ea r ef»ilsloan has for f«aay yBurn 
been the prlwary sourca for producing an l d e t e c t i n g hyper -
n u c l e i . The bnslo i n t e r n o t l a n l a gl%'eti by 
fj*V ^ fx /\ 
where the pro^luoed ^ undergoes a s t rong decay ( 'l.>i y A :i), 
i)eonu8e of the very shor t r e c o i l t r ack of {aedlata and 
heavy n u c l e a r fragments formed l a hypernuclear woaJS dec^iys, 
thl«« aethod has proved use fu l only for th^ doterssilnation of 
l i g h t hypernuolear spec ies {% < I S ) , 
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The A-binding energy I s uaually <«easur»d froa the 
anfilysls of the iv«ali A >deo«cy process , naaiely /v ——*r N A , 
irtileh occurs af ter a typical l l fo- t l tao of about 2 x 10 sec* 
2 Th« «BO«t recent ooawllation by Jurlc e t a l . of iaeamireil 
binding energies I s shoim In Taiilo I , where the quantity t 
stnnds for the A-serjsirfttloa eaorgy (oaii)t 
i( ^T.) m .i(^^Z) * l( '\ ) - B 
{IS measured in theee deoay modes, A l l » i t a t i > n af U\& auoleiur 
ei^ulslon technique i s the d i f f i cu l ty in oh^ervin^ nypernuclear 
excited s t a t e s since the e l e c t r o a ^ n e t l o deexoi ta t laa rate« 
nre ntuch fee ter than the hyfierauoleeir weak decey aodes* 
^.nothcr typo of experlaieiit eonii^iats in d e t ^ t i a g the 
,\~ produced in tha reniGttojn 
A 
where "K ^tande for nn excited s t a t e of the miirked hypar-
A 
nttoleus. Measuring the aoaieatu'j of the outgoing pion y ie lds 
the corresoonding hypernuolear exc i ta t ion energy d i rec t ly* 
2 3 Thl'j rcAction has been applied • to observe sosae special 
1 1 1 ( 1 
excited hyaternuelear leve ls in U tuid > lyini; aroiina aad 
/\ f' 
nhovo 10 leV exol t a11 o>n • 
A. '\ 
A-jy rot on low energy sCMttnrlng eriierimenle • have 
been perfo«-«ed in a hydrogen chamber for laboratory Icinetio 
- 3 • 
Table • I 
C3cp(;riNU»atal A -Aindins gii«rgiei In ftyp«niuol«i 
(Jurlc et « l , * ) 
Wirp«rBitel«a9 B • A B. 
?n 0.13 • 0 ,08 
^ a.04 • 0.04 
AH9 2.30 • 0«03 
AH« 3.13 • o.oa 
%• * • » t <*•!<* 
AI4 5 .38 • 0 .03 
IB« 5.16 • 0.08 
1X9 T.10 • O.TO 
?\U 8 .80 • 0 ,03 
AB« 8 ,84 • 0,0S 
^ U 8 .83 • 0,19 
• B « 8 , T 1 • 0,04 
?B T,d8 • 0,15 
^AB« 9 ,30 • 0,28 
8.88 • 0,12 
* ! B 10,24 • 0,(MI 
*?B 11,3T • 0,08 
?^C 11,82 • 0 , 0 8 • 
*'M 13,58 • <>•!* 
• S«« Miol, Plijrs, A236 (1974) 448 «li«r« a Tain* 
11.89 • 0 ,12 Hat l a dorlTad, 
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<>nerfi«s In the range 6*38 4«V. He«lfl0s aeaatirlng to ta l 
oro89-«ectloti« In tn i s in terva l the baokwaril - forwarti r a t i o 
as WRII as the i^lnr-equltortstl ratl<» were determined, mly 
s i x dntft noints ore wrailnblu antl even they hav«» t u i r l y 
lnri5e ttnoertaintiiia, 
3 . A»'^acleon interaoti^:>o 
Our priaar^ i n t e r e s t in Dypernuolei l i e s in tUe i n f o r -
anti'm t^loh «-'iy be derived trmt thea oonoerning the /\ «>nuole(Mi 
( A N ) interfltotion. Morraally the best vay tQ> uhtoin tfiis 
lnforRi»»tl m wmild be through an surialyeie of the A '"i s ca t t er ing 
In the low energy region, siowever th i s i e not s a t i s f a c t o r y 
At present , s ince ava i lable data on AM sca t t er ing are oi 
l i a i t e d accurAoy and include no information bearing on the 
SDtn ?)ropertle^ of t h i s s c a t t e r i n g , fhus at present i t seeas 
more ^at ls fnctory to determine the featttres of the A'^ i n t e r -
act ion by carrying out analyses of the experiiaeatal ii. values 
of hy;>em«clei ratficsr than fro« s c a t t e r i n g . 
lefore wo describe th» d i f f eren t phenajieiiological 
analyses w^ich attempt to deter)ai2jie the A H interaot lon^ we 
b r i e f l y revl«w the anln featttres of t h i s i a t erao t ian as found 
ta-^inly fr-»ai the study of hyparnuolei . 
2 
rh« absence of the hyperdeuteron d or the hyperheliua 
i sotope He i •» noteworthy as an intl ioation that the a t trac t ion 
A 
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of n /\ f»arttGl« to on^ or two pratwis Is ca/i-ildera'aly «eaki*r 
than th«»lr a t t r ac t i on for a ne i t r an , -)lslli»rl/ tbe Uata on 
•J 4 7 
U 't© and LI show that the \itwiing of a ^ p a r t i c l e to a 
A, ' A A 
deuteron to ' Ue (uid 14 lb* weaker than the binding of a aoutron 
4 3 
to these systems. n th« other hand the data on ^*i, il© and 
7 3 4 S 
H® show that th0 A binding to i, a« and tJe Is s tranger 
than the htndlng of a neutra.u Phis la a oonsequonoa of the 
fflct that the r e t t r i c t l o n s of the exclusian pr lnolple do aot 
aoply to the A p a r t i c l e . Consequently t&e A hinding energy 
i-^  exnooto ' to inoreasa wlt'i iacrea<iitig A to soiae liaaitlng 
value for very large hypernnclei . The present evidence on 
the<ie hlndlng energle«j m shown in f i g . I i s in aooora witn 
thl« eiroectntlon* :4ince the A par-tieie i s known to tie on 
laota-ilo spin s ing le t s t a t e the assumption of charge Indepea* 
denee for the A p a r t i c l e requires the absence of the i n t e r -
action A ——.> A • A , therefore i t i s not surpr is ing that the 
A^ in te rac t ion Is weaker and of shor ter raaijo than the .^ i^j 
In torac t ton for which the single pion exohitn^e I s aot forbidden, 
thus the AV foree would e i the r have to be double ploa esechaa^e 
or i t would ariose froa the exchange of heavier aesoas . 
Like the MS force the A H force i s also spin-dependent. 
A qun l l t a t ive Indicrttion that the s ing le t catd t r i p l e t de l t as 
do di f fer in sirens'th follows froa thf» cosparisoa of B values 
for hypi»rnuolel with the saae \ hut belati^itig t« d i f ferent 
,- ^ "T n 
A 
lOo.i 
9 , . I 
fio 
'Be 
8 i^B 
t^i <> 
Q 
I -
W 
.^He 
A 
.H» 
. ^He 
. L i . 
I^Be 
A 
,2 ' ^ ' ' C 
II 12 13 U 15 
F i g . 1 : The expe 
 rimental A -binSing energies compiled by 
J\iric e t a l ,2 . p lo t ted versus the baryon number . 
• 6 . 
iflotoulo tpio «attt|>let«* Thsre are tvo •xamplesi tli« B^  
•alue for ^Li ( l«o) aseaads that for I&9 ( I« l ) by 0.43 MaV, 
th« B^ yalna for ^U <Iail} I s about 1.8 '4e/ graatar t&an 
for ^Ba (iwO)* In botb easaa tbe laatar d iralua eorrea* 
IKinda to tlia Itirfiamaelaiia tha eora aaolaua of aliiitfi baa saro 
apin* If tha /Ml iataraotioa i s spin-dapaadaat this result 
i s rendilsr uadarstood sinee the aet attraeti<m hatvaaa a A 
partic le imd the unpaired aualaona oan than ha greater than 
that hetwaaa a ^ partiola aad the aaaie aaa^er of paired 
aaolemis, A farther indiaatioa of apia«depeadeaoa »e^ he aa«i 
fron f i g , I , ahere i t ia noted that tha 9^ Valaea of those 
h3rp<»rmiolei the eore of a h i ^ hare ii»ro splOf l i e ^iiroselttatel/ 
on n straight l ine . ^lost other B^ valaea l i e above this liaa* 
For the non-aero spin eore hypemaeleif both spin values 
IJ • 4 I are possible* i^ere J^ i» the apia of the eore* Vh^ 
oentre of gravity of the two apia atates wi l l l i e on this 
atraight l i n e , so that the favotir<a>la spin state wi l l have a 
f) ^ value lying above this l ine . 
Thus the A H foroe la of shorter range «ad leaaer 
atrength then tha HH foroe. I t i s also apin-»depea«teat bat 
in eontrast to the MM foree i t ia stronger in the aiaglet atate . 
F.videttoe that the s ingle t interaation i s the atronger 
mto In the A H potential eoaea froa the asperinaatal findioga 
on the spins of these hypemtiolei^. Ail ioiown spin values 
sat isfy J • [ 'n * i / 2 I • iNiara i i s the hypemaelear apin 
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and f„ the spin of th« ooro nnoleut, ttiiii tiira« ottt to l»« tlw 
OIIS9 «li«n thd Intermtlmi In the s inglet Is stroager than that 
in the t r i p l e t . 
3 , fheoretieal aodsls of the AM tnteraetieii 
The ttost sa l ient differ«(iee hetween the HM laterootton 
and the A M Interaetlon^ i s that for the lat ter < e^ s ingle 
nion exohange i s forhiddea. Thas the AM faroe ar ises fra» 
either double pi on esohaoge or e l se the exohiMge of hewrier 
laesons, Consec^eatly two different theoretioal aodels hare 
been Investigated, the tsro-plon eatohange (fPS) oMidel and the 
one - boson escohfsige (O0E) «odel« The ear l i e s t oaloulations 
on the A NT lateraetion were based on the fP :^ sodel «^ere the 
Interaedlate strangness i s earried by ^ * ^ given below 
i" _ - _ -r _ -
A ^ P .m.mm, 2 • > • p ->—^ A ^ ( A + A ^ p) •—i^ /\ • p 
This i s the HweheuiiMt wt)i<^ IsJ^y^* H s e to the longest r<mge 
forces (H - (3ai^ )** '- 0«T f«) possible for the A 5i sjrsteM, 
TiNitail9 of this ittteraDti^m were studied by deSwart end Iddings 
In reoeat years aost aNisoa->theoretle oaleolatioas 
derive one potentials for the n M interaction, the under-
lying hypothesis i s that ssaoy oesim exohsnge proeesses ara 
doniaated by resonanoes and eaoh wieh restmanee ean be treated 
i^proxiaately M a s ingle part io le . Mon strange bosons sneh 
M j^ « oo and a sosMwhat hypothetieal cr are used in these 
oaleolat ions. In i^dition i t i s possible to exohange strange* 
t 
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ii99« In tho A K 8]r9t0ffl by aedlatlon of tC «»<! i^ flk^aans* l>«tails 
a 
Of this interaotlOQ ara siv«a by 3r<Hm et a l . la a recent work 
whera they eonstruot a OBE potential aodel for the A - prot<m 
tnteraotion etiloh includes the 2 M ohaonel exp l lo l t l y . They 
reprodaoe soattorlng longtha ana effeet lve ranges i^loh f i t low-
energy A -proton eroas aeotlons. Yhey obtain A •proton oroes-
sfiottona around and above the ? H threshold tihloh ore in good 
as^reeaent with experiment. 
r^ree body foroes between a A partlele and mtole<ms may 
arlset for exaiqilef froa the eflklssl^i of two plons by the 
partlcl«>, one of these plons being (absorbed by eaoh of two 
neighbouring mioleoas. 
More eoapHeated three bo<^ foroes of shorter range oan be 
obtained by A K» AII , ^ cr f eto« exchanges* Discussion of^ NM 
g 
forces in the l i terature has omioentrated on fPB • 
I t i s alaost itapossible at the aoaeat to tes t aeson-
theoretlo aodels of the AH lateraotloa jfroa their abi l i ty to 
aeoennt for the few observed nH seatteriag paraaeters. fhe 
foraer contain enough paraaeters such as hard core radii and 
soiae poorly deterealned coupling constants, to allow a f i t to 
the la t t er . Whether or not these f i t s ttt% neaalngful i s a 
question which has to a s ^ t aoouwulatioa of acre detailed 
AH scattering Inforaatlon before a asaaiagful answer can be 
given. 
. 9 • 
4, Pheno«i«nolo&lcal ^H intoraotioa 
Attempts to relate the gieasttr«4 » values of iiypemuelel 
to A^ ititeraotion ;>arai8«t«rs hav« t>««n «xtoniitV€»ly reported 
in the l iterature* The early attempts were largely eonflQed 
to analyses of the s^sliell foyparnttolet only* 409t oC these 
oaloulatlons were oonstrained to deal with central, s>in-
depAndent A'^  potentials V and V^ « Aasongst these tbe earl ier 
analyses are without hard oores* Signifioaat waongst these 
are the malyses of i>allte and oowns » They have done varia-
3 4 4. 5 tionnl ealeulations for il. H, ^ie and lie. treating each 
A A A '^ 
systea individually* Analyses were done for both Vulcawa and 
(tanssian potentials for the rifflges (Sto- ) «nd ( « , . ) • Hiair 
analyses show thnt a strong spin-dependenoe anat be invoiced 
in the /\H potential in order to aeoount for the B values of the 
s~«!}hell hyr>arnunlei« 'fowevesr, no oonaistent values for V and 
V^  were obtained, 
!^ artenAive oaloulatlons with itore r e a l i s t i c hard oore 
potentials have been carried out by (iemdon and fang , lliey 
have carried out detailed variational oalctilatioas to obtain 
the s inglet and tr ip let depths of the oentral AM potential 
for different values of the hard eore radii (o • 'e fa) and 
intr ins le ranges (1,5 - 2,3 f a ) , fhey atteatpt to obtain a 
set of ^ !f paraaeters which reproduee the given a values 
and at the sane time account for the low^energy measured 
- 10-
AP eros8<-9eotloitn« Of tbo tcno«n s<-sh«ll hyperiiiM) le i only 
3 
one prores eassat lat ly probleaatto» amely Ufl* Tor n H 
central IntAraotlons that f i t lo««eiiergy scattering, an 
5 
appreetable overwinding i s found in oaleulatloas for Jet 
n 
anmoly. Instead of reprodoolng a 3^ valne olose to 3 ieV « 
value aboiit 9 4©V or higher l» oaloulated. 
In order to resolve this dlff loulty sierndon and fang 
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together with Dalits prupmed that a throe-body Ah'M poten-
t ia l should also he inoltided in the smalysls* fhii AH poten-
t i a l chosen by theffl was eeittral \arith a bard core of radius 
0,45 fta end an intr ins ic range of a«0 fa and having a charge 
sysMotry breaking oompooent* Two types of AM potential 
were ooni^ldered. One was a phenoaenoLogioal central potential 
an<! the other a strongly non<-eentral potential uaing a two 
pion-exehange laeehanism. They find, however, that with the 
introduotion of a ^^H potential the overbinding probleia of 
It 
He la !«lightly reduced but not a l leviated. I t i s therefore 
obvlons that further modifieatit^ns fir« needed, for exasple, 
they have made the as8Ufl^ti<ia that the A ^ potential has the 
sntae Intrinslo range in both the tr ip le t and s inglet s ta tes . 
The relocation of th is restr ict ion oould possibly roduoe the 
Jl^ Tle overbinding problem. Again the effect of on expl ic i t 
Inclusion of the ^H system ooupled with the /IH systeat 
al!«o needs to be considered in de ta i l , fhns, at present, i t 
seens that the overbinding problem in ite stay not be caused 
• 11 -
hy m s ingle faotor and wilt probabljr i>« rssolved <mly bf 
p^rfarmittg n rery ext«naiire and tedlouis aaaly,^i$ es^loyiag 
ooafilleatAd AM loid A MM potontialii, tiowovttrp tHese 
ifSDroveoents anqr requiro so maeh oooputatloaal «ffort a« to 
be firaotioatljr unfoaalbte* 
Tt thus 9@eas d09lrnbl0 to study in detai l the heavier 
hypemoolol with A> 5f na^aely the p-shell hj^pernuolel. 
Beoause the etruoture tmd density distribution of the p-shell 
hyp*»muclel differ considerably from those of tJ»o s->shell 
hypomuclel one aay hop© that studies of the p*»hell ayper-
nnolel wil l give farther Inforaatloo about th@ hH lateraotlon, 
in particular the Interaetlon In the relat ive {^ ^ t state* 
One talght hope that those hypomuclel wi l l ^^ Ivo Indepondent 
Inforiaation e^out the spln'-dependenoe of the Interaction and 
hence possibly some Indlcatlcm about the Importance of nou* 
eentral and three-body forces* me would also l ike to see 
whether the s l t^ le assumption of a purely ccutralf spln-
depeadent two-body force Is capable of aecotmtlrig for a l l the 
presently knoim values of B^, 
The analysis of p-^hell hypemuclei Is very different 
from those of s-ahell hypemuclei* Here a olcrosooplo appromih 
i s aloost Impossible nnd arte Invokes nuclear raodels for the 
nuolenr core* Tht» interact!oos used are th<?refore ef fect ive 
ones* 
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Es««nUally four types of ealoulatlona Have bean <loafi 
la analyatag the p i h a l l hjrpeniuolal, fhaae are oalculatlons 
lUiffusing a rlgld-eore, Hartraa-Took ealoulaiiona« eiuatar 
ealonlatlons and ahall<^odel o«l<mlaUoai« Exoept for t^a 
shall-^odal oalculatlonts others shall t>e briefly dasorlbad* 
4a. nigld eore apgrextaatloa 
13 This approaoli due to nodnar MMI ^^rphf uses A H 
It 
oontral notentlals that f i t H^a by folding then Into one -
miolecm denaltlas derived fro» eleotron seattarlng. Inter-
aedlate eouoled wairefunetlons and a range of density d i s t r i -
butions «re oonsidered for oore<-nuolei» fbe A vavefunotioa 
and voltitae Integrals are obtained by anaarieal soluti»(is of 
the af»propriate two*body ( A<«eore QUO lens) eigenvalue probloias. 
I^ or splnless oore noolei the results are satisfaotory and there 
Is no expl ic i t need to inolnde A m foztses. i'or other hyper-
nuclei i t i s argued by the authors* that saal l aaoertaiaties 
in the eore s l se s and| to a lesser extenti tuiosrtaintleB in the 
rearrangeoant energies ntcr oompletely mask any oontributions to 
the bindlnei; energy arising froa the spin dependent part of the 
A^ interaotion. 
It i s reasonable to expeot this aodel to be valid i f the 
energy differenee between eore s tates of different J^ i s large. 
4b, riartree-fook Calwilations 
In this cqpproash i t i s assuaed that a set of s ing le -
- 13 -
partlole erbitals oan be found for tbe imoleoaa a»d for tbe 
A In II aelf-ewislstont w^^ nasaely tbat those orbltala aro 
olgenstatos of a alnglo-partlole aaiMlitaiiiimi obtainadi by 
gonoratlng siogte part ic le ntioleoa and ^ poteatlata fro« 
the aaae orbltala. The eYtenaloii of the atMlear aartrea-#'oolc 
equationiq to the uyperntiolear oaae i s straight forward* fhere 
ex i s t s a ooupliag between the equations for the ntioleons and 
that for the A • The self«-eonsi8tent A potential i s ooas* 
trneted from the A V interaction and the nuclear potential 
also receives contribution from this interaction^ so that the 
nuclear orbitals in the preseiMe of the A are not the ^eam 
as in i t s absence* thus giving r i se to a def inite eore* 
polarieatioii correction, 
14 In the calculations of Bassiohis aad Gal the fabdkin 
potential i s used for the /\ Mt4 interaction tm^ a single central 
force which f i t s A^ ^ scattering i s used for the Mi systea. 
The calculated binding energies in a l l cases exceed those 
observed and th is i s presmied to result froa using a central 
^S iateraetion that f i t s low-^nergjr scattering data* the use 
of a long-range tensor force or a three-^od^ hM interaction 
seeiM to be necessary in order to reduce the calculated B* 
These Uartreo-Poot calculations for hypernuolei 
suffer from several draiAaoks* Centre-of'-aass oorrectiaa 
for l ight systems, projection of a def inite angular i»oaentiUi 
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and i»oapln, nre e f f e c t s that are not o**n?*ld«r«d or are i l l 
trentod In a ataadard lartree-^^'jok oa loa la t lo iu Unlets the 
contr ibut ions from tUe«i© e f f e c t s I s of «a order of -J.S ieV 
or l o s s i t in d i f f i c u l t to oeorlbe a phyaloal aennioi^ to a 
• oluos Obtained In these et»loalntlO£Mi, 
4c , Cluster Ca leu la t lo i e 
''^ Tien binding i s s a a l l between two (ur MOFQI c l u s t e r s 
c o n s t i t u t i n g tbe lijrperiiaclear core r e l a t i v e to the sepcuratloo 
energies involved within eaeh of those d u s t e r s ^ i t oey be 
nneful to con*5ider the system as being a a t u a l t / couposed ai' 
such bas ic d u s t era. The dyaa^alcal var iab le s then exclude 
the in ternal degrees of freedots of the separate c l u s t e r s and 
the l a t t e r aro considered as bas ic e n t i t i e s iaforgiation for 
which can be obtained from other processes where they appecr 
as e i t h e r free or hound e n t i t l e s . For exa^tiple, In the d l s -
eusslon of the r ig id core approjcliaatioa He I s being treated 
as a two body c l u s t e r whose coastltuciats are A and ,x ( i fe) | 
the internal bindiz^ energies of the l a t t e r ^xre considerably 
larger than the H^ value of about 3 4eV for the separation 
energy between the two const i tuents of t h i s c l u s t e r . ae 
(£>i-n-A), u (o(*e>i*.A), Be ( X * ^ - A ) Are the t h r e e - b o ^ 
c l u s t e r s , and c (=x - ^y.-^-./v) i s a four'^ody c l u s t e r d l s -
A 
cussed in the l i terature*^"* . In these d u s t e r o a l c u l a t i oas 
- 15 -
4 ' 
the po ten t in l between A and & nueloar o lus tor 'I i s roqulrod 
A* 1 -' 
to f i t the 't^ value of ^ 5 ^ , For exiwiple In in© los t two 
oenes mentioned above ttie only A -nuKSleer po ten t i a l required 
5 i s the A - p c po ten t ia l and th i s la tolcen to f i t B. ( HeK An 
Obvious advmitase of o la s t e r ealoulat lone I s tliat they take 
Into fioeount aoi^e of ttio readi ly avail«ible naclear oor re la t lons 
with and without the A • Tbe aaln dlsmlvuntage of these oal<» 
eu la t ions l a t he i r f a l lu re to give a sye teaa t lo pa t te rn over 
a large rnnge of hypernuolear aaesee* By t t ielr nature they 
are confined to only a few bypemoolel . 
4d, ,»hell'-«odel Caleulatlone 
The !ihell«-aodel provide* at present the moat systeaotlo 
approach to oaloulat loaa of R In the p-ahol l despi te I t s 
Iniperfeotlone. 
Two basic aseunptiona are Involved l a shail-tnodei 
ca lcu la t ions atteiapted so far for hypernuolel In the range 
a C ^ <15* The f i r s t aseuaption i s tha t the nuclear s h e l l -
aodel provides a physically sa f f lc len t descr ipt ion of energy 
level p a t t e r n s , f" and 1> trari«iitlcHi r a t e s and s t a t i c sm»sient8 
thrnuffhout the p -she l l* T^ils a » « i ^ t i o n haA bee^ i^  t es ted in 
the past by various ca lcu la t ions with the r e s u l t that aost of 
tha low-lying levels for aae le l In the mass number rmige 4-16 
are well de8crlb«>d by calculated interisedlate coNttpling wave 
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funotlon*. Tti« word int«r»o<li«te means that neltber U-s nor 
j . j coupling Is found appropriate for the nuoiear p-sitall 
but rather an Interaedlate ooupling seheme whioti i s quite? 
olose to IS ooupllng in the begiauing of the shetl and to 
1-j At the end of the ip shell* The second baslo aesuiiiption 
I s that of a uniform single partiol@ «e¥efunction for the 
pnrtiole and the nnoleons in different nuclei» throughout 
the p-shell« This enables the relevant A <Hiuclear taatrix 
eletaents to be pari^aeterised in teras of a relatively small 
nutiber of reduced aatrix elevents« therefore one does not 
have to assume any particular form for the radial wavefunotion 
of the A particle and ntwleons in the s - and p^shells* 
One of the ear l ies t OAlculations trith th i s approach 
13 
were carried out hy Lawson and liotenberg using two-body 
l\H interactimss of the central fom only. Mowever, by a least 
squares f i t to the experivental binding energy datat i t i s 
found that these parameters cannot be consistently determined* 
\{ore extended analyses with non-oeatral aad tbree-
body forces have since been carried out by Lee» iisieh and 
Chen-tsai md by Gal, Soper and OalitE • (hereafter to 
be referred to as GSD). In both the analyses a tmifortt 
interwediate coupling shell-Hsodel i s fonanlated for the 
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p<^hell and the ooefflelonts are deteralaedl from the sp«ctro-
sooplo data of tUo core nuolel* je describe balow the work 
of GSI) n^ioh i s the aore oshaustlve of the two. 
In tho shell-^odel configurations for th« hyper* 
mioleus tiRTing A baryoni, th« oontributioa of the /^  N* two-
body forooa (both oentral aiid non^oentralj to the B valuoe 
i s written in terns of s i x parameters, the i i r s t i s fi(3) 
whioh i s GOfflposed of the A interaction with the closed 
nhell (is)!^ and the iciaetio en^r^ of the /\ particle in 
the state ( l a }» and the rciatainiag paraamters are the f ive 
A 
possible two-4>ody raatrlx eleaeats between the A -particle 
(in6 the p*shell naoleons* These guitrix eleaieats are related 
to the various noasible oos^onents of the /]M interactioa 
nft»aely the spin Independent energy^ the spin-apin energy^ the 
sysiraetrlc and witi-syauaetrlc spin<-orblt energy and the non-
central spin-spin energy arising from the f\ ^ i interaction of 
tensor form* 
For the thre©-*ody A :^  J force they confine their 
attention to potential tortm which arise from the double 
one-pion-exchange processes between the A partlole and two 
nucleons. This alone gives r ise to five matrix eleaents 
and hence five iw>re parameters. Thus In a l l tht^ y have 
eleven paraneters. Various constraints aoiivnted by theore-
tlonl arguaoQts concerning the niiture of A ;^ ' and A HH in ter -
actions are ispoaed on these parameters and the best f i t s 
- la -
nr^ th«n obtained for tbea following a (Slriialzntlon prooe-
dure. Ro&fon^l@ f i t s «er@ obtained with s ix iateraotion 
parAaoters (5 for AN' and one for A%H) whleU are la good 
agreement trltti ttid theoretical estliaates uede by tbe auttiors* 
'towATur, i t was stressed by ttaem that other satisfaotory 
f i t e were also found for quite dlffereat tboi^h aooeptable 
onrameter sets* 
The essential orltlolsai of tlis above aaalys^ls i s tbe 
assQiiptlon of a uniform sbell-csoclel vHiere tbe s iagle partlole 
wave fu not ions are kept constant tbrougbout the p-shell* iwo 
inportant effeets are thus iteglected* The f irs t of these 
ef fects i s tho sens i t iv i ty of o^ to the s ixe of the nucleus 
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which was e<^haslsed by Bodtaer and 4urphy , The empirical 
nuolear radii in the p-shell present flaotuations in contrast 
with the Siaooth variations l^aplied by a aniforoi 9liell*aodel 
and special attention should be paid to reproduce these radii 
as oorreotly as possible* The other effect i s the variation 
of the A wavefttnctloa as the core nucleus varies froa Ue 
to 'U The use of a swan ^ •Hutoleus wavefunction tteaas 
that the A -oueleus tcinetic energies and the A M Interaotiou 
aatrly elo«ents are both in error* Another effect which i s 
l e f t CKit in the above nnalyals i s the eentre<«of-cia8s e f fec t . 
We expect this effect not to be insignificant for l ight 
nuclei* ft Is not possible to account for these e f fects 
unlesfl & specif ic form of the wavefunotloa and potential i s 
taken* 
- n • 
Ct'HP' found thnt tticy ooultl not obtaitt » s a t l t f ^^ t a ry 
f i t to H. using <mly cen t ra l A'J forcos. They there ford, 
i n t r o ^ o e d noa-eentral A^ foro«« and ttir«#-l»ody A *M toro&n 
to obtain a good f i t* low^vor, muoh r^lloiice ecmnot bo placed 
on t lxi lr oonolustons sinoQ the abov& Mentioned #ffeotii hmn 
not Doon tfricon in to aoootmt l a t t iolr &aialjrtls« 
In the llgtit of thm alcove o r l t l e i sm v« propoao to 
analyse the p«»flfiiell liypornuelel blndian energy diita taklcig Into 
noeoont ttie va r i a t ion uf bottai nuclear silse and wavofunetioa. 
We bare nlno tatt^n In to aooount t^a eentreoof-^aass effect* #0 
find that a f te r talclni in to aocouat those ef fec ts tim nimpie 
ataoMptlon of a ar*!!)- and state-^ep^ndent t«o<-body cen t ra l 
interaetl<Hi in adequate to aeoount for the da ta . 
The auoeaes of tlie Vosituerlsi-*Jrl«lt-dltyrae offeet lve 
in ta rae t lon in nuclear s t ruc tu re s tud ies eacouragcie us to 
nronoae a s i o i l a r A ^ In terac t ion eaM l^iMllag the throe-body and 
sp in-orb i t tenssChereafter referred to as aisyr^B lat@raetlaii/« 
In order t o t e s t tbe s e n s i t i v i t y of the r e s u l t s to the type and 
s'lape of the /\S i n t e rac t ion we have also naalysod the data wltri 
a Gaussian shaiiie. ^e have aade a systematic a t t e s t t to find out 
#)icn of the above faentloned factors are aore i r ^o r tun t in eoalilla^ 
us to get a t a t l s f ac to ry aoo<^int of the da ta . Se find that t^ i^© 
aresent data are f i t t e d almost equally well wlt<*j el t i ier sityrsae or 
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G«ui89lfni interaotloa* Alsa ve find that of tbe di>ove aen-
tioned ef fects variation of nuoloar s i«e through th« ptthel l 
i s tho oost oraolat factor MMI i s largaly responsible for 
our good f i t to the B^  data* 
We have estiaated the mill-depth, D « of A ia 
nnetenr aatter with the potential para»eters of tbe itcyrmi 
BM well as the Gaassiaa iateraotion. In both eases the 
value obtained i s consistent vith the es^irioai estiaafces 
of D • Finally we hove onl<»ilated the A -proton scattering 
cross-sect ion, the forward*-^aoicward rat io , F/il, and the 
polnr-equitorial rat io , P / H , in the-centre of stass energy 
range 3-30 'ieV with the Oaassian interaction. With the 
Skyrme interaoticm such eok analysis i s not possible . We 
find that our SsBSsirai interaoti(m reproduces the trend in 
the scattering cross-sect ion, P/B and i»/ti reasoni^ly woll» 
*>e have also calculated the four losr-eaergy scattering 
parnaeters, namely the s iag le t and tr ip let scatteriijig 
lengths, a , a^  and effect ive ran&e ^^^ and /^^, 
Chapter II has been divided into three sections* 
In section I we give the detai l s of the AM interaction and 
the nuoleon and A wavefunctions that we have chosen in our 
analysis* >fe then develop the necessary foriaulae for ca l -
culating B^ both for the ^kyrste and the Gmissian interaction* 
In section fl we briefly give the nethods of e i^ ir ica l ly 
• ai -
estiadtlng D,, aatt »«aUoa aoae of the theoretical attoHpts 
to ftoooimt for t t , 9@ then outline the aetnod «e adopt to 
e t t laate D for both the interaetioaa. In seetion III «e 
brief ly describe hotr A -proton scattering oaloulatioae are 
carried ont. 
In Chiipter IIZ we give an aeoouat of the ealeulatioaal 
prooedttre adopted together with a detailed dieoitssioa of the 
reeults obtained. Finally «e s^ve the oiHielaeions. 
C H A P T E R - I I 
9€i attumnt to aooount for the twasurod B valu^is by 
asinuialng « two-bacljr central s p i n - and stattt«-de^@na@at A M 
Interaot lon , taking Into aooouni tUe var ia t ion of tiie auoloar 
and A . vavaftinotion through the p<»»holl and th« oeQtre-of<* 
aa«s Af fec t , 
i . Cftoica of the AM ta teraot ion 
W© consider a two-body e f f e e t i v e A.»j i a t e r a o t i o n 
which in central» s p i n - and state-depend nit and charge inde* 
f>ondent. we allow the in terac t ion in the r e l a t i v e p - s ta to 
to d i f f e r frois thnt in the r e l a t i v e s««tat<s (howevort the 
ranges in the two s t a t e s sha l l he takoa the sacae). 
Thus we use the fol lowing fona 
V,.^ 
'th AY _^±_yi ^ A ^ ^ J? .? . Ijcv q. ' q. \ - ' 2»1 
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t i 
wtiere 1 stands for a nutileon aad V anA VT' ar@ the depttis 
of tne po ten t ia l l a the s ing le t And t r i p l e t s t a t e s r e spec-
t ive ly and ^ i s tho r e ln t ive A-nueleon diii tanae. AS 
already aontioned «e h<fye analysed the data for two di f ferent 
tynes of j U ) , in one ease we etioose a simple Gwisslan shape 
fir) ^ -e. , ^-^ 
where u I s the rnage paraaetor . 
In the seocmd case« instead of speoifying a def in i te 
shmpe for-|(Ti)n aorc general epproaoh irtiich Is astofjissd i:^  to 
23 
use the expansion of the rmtent ia l due to ioshlasky . 
I^et MR tak»-» the ijoaentuai space representat ion atj'-V 
m >•• -p")^(znk] I ^'4^['^1Ky)/i ] /f' 
-/^^ x / ' [ 2 ( / J r )//r] Ja i,3 
In tegra t ing over the angular va r i ab les i«d expanding ttto 
sine function we obtain 
J ' 
3 . 1 
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nhere the I*a are the noaonts of f (r ) given by 
06 
r ,x AfC-^rvV-^- , L^^^j jCr)r^Ar > d<. 3.3 
Tjet nn now oonstruot In eon figuration apace the sero-nrange 
velooity dependent potential 
where"? i s the operator 
h-{^/i)v 2.7 
It oan be seen that the operator (3*6) has in aiosi«mtttai epooe 
the representation ( a . 4 ) . Therefore f (r) and (2«6> have the 
ease representation in aoaentna spaoei which aeans that they 
are also identical in any other representation, th i s i n d i -
cates that a short range potential ooold in principle be 
dereloped in a series of ve loci ty dependent potentials in 
increasing powers of the taoMontna but of soro range, rtms 
f (r) oan be represented as 
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Slne« tbe AM intermtifm i s of shorter range thna ttio HH 
intoraction th« abore oi^Mision (a.S) of tUo potential i s 
enp^otofl to be aoro eoirrorgent for the AM ease thaa far the 
HH ease. However, irrespeetive of the eonvergonoe of the id>ove 
expansion (a«S} we adopt the poiat of view that in our antUysie 
f (r) i9 eitoh that only the f i r s t two aoaents are aoa**«ero and 
al l others vwUsh. Ve,therefore^retain only the firat two terwi 
of the expansion. Our interaction i s thus of sero^range with 
nonlocal contributions due to moaentua dependence, th is i n t e r -
22 
action i s similar to the Skyrae interaction in nuclear physios 
from which the 8pin«»orbit end three-body forces have been 
Quitted* 
a. Choioe of wavefuootion for the micleoos and the A particle 
20 6SD have discussed that a single Qaussiaa tera, 
where V i s the spherical haraonio^ provides a fair approxiaa* 
tion to the A waveftmction for the p-shell hypernttclei. fhus 
in our calculations we hove used th is convenient wavefunotion* 
A i s deteroined for each hypemuoleus by vlainHLxini i t with 
respect to the binding eneriQf of that hypemt]cteus« thereby 
enabling the A wavefuaction to be different for different 
bypornuclcl. \ better approxlaation tJ the A wavefiinotlon 
for the p*9hetl hyp«muolol In l ike ly to bo obtained with the 
use of a two-tora Gausaim for« , 
10 
Where H, Ig the noraftllzatlon factor 
A 
vo hmre derived the o^ressloti for a,^  using this two-teria 
trovefimotton. The expression readily reduces to that for a 
s ingle Gmsslfin vavef^inotltm by putting y « ^), At present we 
have not atteapted cTtonslve oalculi^tlons with this two-tera 
wavefunetlon (2*10) for reasons which we wi l l give In Chi^ter 
in. 
In principle two values of the hypernucleer spin 
f « I J^ • 1/3[ are possible* We however, assign the value 
j I^ •> 1/31 • this Asslgnaent I s valid for a l l the knoim 
s-shel l hjrpernuolel and for those p<>shell hypernuolel whose 
spins are experlaentally deduced » nnaely, .Id and TJ, Earlier 
11 19""21 ealffiilatlons * * have also adopted the 'saiae spin cu<islg£iaent 
??nd the consistency of the results nay be taken aa a fairly 
reasonable just l f loat loa for I t , 
The nncteons are described by the Interaodlate coupling 
20 
wwrefunctions of Soper • In the expression for B. the Inter-
• 2T -
ra<»dlrjte coupling oo«ffielentf ar^ required only la the 
evaluation of tho expectation value of the split<»9plii p^ wrt 
f>r tn© interaoticm given in ©qn, (3 , i )» Sine© these expec-
tation values hare beon tabulated by GSi) we do not require 
the "^ oper winrefunotlons exrtl ielt ly, these e^ieetetlon values 
denoted by C{^,I) are reriroduoed 1» Table II for J • jJ^^-l/aj 
for the hypemuclei being analysted, 4 i s the baryoa nutiber 
find T the isotopic spin of the hypernualeus* 
For the nucleon radial wavefunotions in the «« and 
n-states hansonie oaei l letor forots «»re used 
k.xx) - ("^- j --f6'^2^V; 2.12a 
'12, 
^•=.^^^^-(?!-?) p-/'(-^.^>'^ 3,i2b 
where the aise pnratseter *b* i s obtained fr<xa the electron 
scat tori n?, data wherever available in the fallowin;^ aaaner. 
Let '%{f) he the antiayaaetriaed oharge-distributii)n 
w«vefunction. The root-fliefui<«9quare ( r . a . s . ) radius 
where f (r) Is the charge density distribution* I f w© taite a 
- as -
C(A, 
H]rp«niiloltus 
S 
V 
A* 
'!?• 
* > 
* ! « 
15» 
A" 
»1) 
Tabic 
talioii 
I 
0 
0 
t/a 
i/a 
0 
i/a 
0 
0 
- II 
frWi OSD** 
C(A,I) 
0 .0 
O.tTT 
0 , 4 » l 
0.336 
0.5S0 
0.aS3 
0 . 0 
-o.an 
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tiarnonio o a o l l l a t o r obat^ge density d i s t r i b u t i o a 
<r-^ > = ;1 j ^lz,{^y.i,i:V^).Z^^r^..,.^r^Ar 
where z_ nnd Z_ ar« the n a ^ e r of protons in the s - and 
s p 
n-flihell respeot ive ly end i » i^ ^ i , the s i s e pnraMieter 
*b* i s asstieir*d sA«ie for the e - and p - s t t e l l s . the «a»ov« 
integrnl i * e a s i l y aie^n to g ive 
< «'^> " I Z"3/2 Zgti^ • I 2 p l | 2 j 2.13 
We tAke i n t o aooount oorreotions for the f i n i t e s i s e of the 
r) rot on and the caotion of the eentre<-of'-«ia»&'' • Aooordiugly 
the experimental value of the r«»«s« radius i s 
^Substituting for < r^from eqn. (3»13) and putt ing Zg • 3 
•a gat 
.3 
^ r^v - 0.64 
. 2 ^ e»P 2.14 
The experiaentnl va lues of the r*n«s. radi i together 
with the corresr>onding values of the s i x e r'aJr^^^ter *ti* as 
obtiUned fron eqn«(2.14} rite l i s t e d iti fable I I I . 
• 30 • 
fal>l« - III 
r .a . s . rAdill M <l«t«ralii^ froa •laatio •l«otroB-> 
•o«tt«riag Mid tlM eorr««|ioo<iiiig osolllator s i s* par«a«t«rs 
Sis* parMii«t«r 
b fa 
1.385 • 0.012 
l.dOr • 0.023 
i .ase • 0.035 
1.7M • 0.1 
1.658 * 0.09 
1.629 • 0.09 
1.66 • 0.01 
^ S 2.48 • 0.08 1.595 • 0.036* 
• Se« t«xt pas« 58 
"fnel^aa 
* B . 
•M 
»u 
»8 
»S 
»*B 
"o 
r.a««. 
1.674 
2.83 
2.29 
2 .62 
2.45 
2.42 
2.50 
radios 
• O.OIJ 
• 0 .03 
• 0 .03 
• 0 .13 
aw 
t <>«ia 
• 0 .12 
• 0 ,01 
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3 , nertvntton of Vie A blacilng^ QnergsT 
Constd«r ft hypornuo leas of baryon nu»)ber A(«si+t), 
having '^  nucl«on» iwid on« A t»arfciole. fhe t o t a l hyper-
nuoloar tiamiltoni dn with tH<9 oentre of saass fftmrgy sab-
trt^ctod can be wri t ten as 
H = 7 A H. A - y- LLlh + i- r v.; 
•^21 KA ^ '^^ ' 
i - i 
wtiere m and m^ ar® th« nuel«on and A p a r t i c l e amsse^i p. 
and |» are tha nucleon and A p a r t i c l e «io«i>nta respect ive ly* 
A 
v . . I s the .W force and V. the AH force , tim correspo»<llng 
corf» nticl«>us iaialltonlan with M nuoloons I s 
The ground s t a t e wavefunction of a hypernuclous i s aymbo-
•A 
and Hcf l l ly written as [_ ^^ ^ Lo J t where <§^  
Y,^ aro the ground s t a t e A and core nuoteus wavefanotloas 
r e s p e c t i v e l y . 
The blndln-; vi,-»rgy may thus be wri t ten as 
• 32 -
^ A „ r N n f , N f l . N 
B.=<[t't- iLH-H"i[*: ' t:]> 
=< [ t t i •"11 i.._K -^ _lvL__ »!., 
N 
\ ^ 
1 = i 
-> —* The expectntlon v i l u e af P j . p. • 'J for t ^ J , tliu» wi th ta« 
glv^Q nuoleon waTofunotiatis the f^ovti expreftsioo far B^  i s 
OASl ty fi«f^n to give 
^^=<[*:^t^Jlf:v.lfl^t"]> 
i - 1 
'nvH 
•m. (>j -r m 
'A 
^ , 2*^/^ i > +^^'-,-^ rL> if N/mNf-mA 
-f^t^ '"^'^ Y\. V ^ NCntN-^yn^] ^ ^ 
- 43 • 
where n and n are the tiutaber of nucleans in the s-euid p-
9 p 
she l l s r«8p«»otlv»ly, an<! 
£J » 
Bib 3 
The term whloh gives the Iclrtatie en^r^^ of the A p a r t i c l e 
K < i A i- /3 1 ^ A ' A ^ ^ A I c> 
= '^A j [ ^^K-'i-z ^'^)+ I -"A(-'^  ;^i r/j]J 
2*^. 
[ *"/>(-'fe -^ i x ; ' ; . j^x/ . (-'/, ,^ r/; ] r^dr^ 
- N,'j[.x/,(-'/, ^ : r/j + y ..^(-%4^';] I ^^ , . L„,,,.^ , r/j.^^(.^,U) 
+ 1 f I ^ '% - F '"^ -.' ^0 '-K-''^^,r/) y^r^ 
. 34 • 
/ 
A 
• = N , 
y 
li:U^I^L'^:-^.')'\r f^^;,^^t^-^-^) \ 
, - . / i^l ^>cf{r X; r^^j r f % --^K' h^') ] A^ A 
+ H 1 ('^.,^^A,)-''K--i*''''''^'"''^"^*'''''' 
i 2 
_ ::> ^ j( s' ^ 4,) -H/,(- i>,»;) -^ K- i ^^ -^; '^  'C^^^ 
^ IN, 
2 . .-_ L 2 
8 '^A 
2-17 
(^^ -^^yie t =r 
Ctrv, ^ / 
_ t 
- .i5 -
rh« oxpresslan for the Sjin ilug eaergy tiius r^daces t a 
t' t 
2 / ,3 ;3 
4 N('nNi-w^) 4 Ni>nti^yyyA) Z'ld 
Tt now reaaina to evaluate ttie aiatrix e l^saa t s of iito two» 
body A M foro« botwuen hyp©raucl0«r s t a t e s involviag the 
fi» And p-s^iell nuc le i , Tliese a t a t e t are obtained t»y caupliag 
a AP^vt ic le i a a l a a t a t e ( t o t a l S|)in 1/2) to the nuelear 
l«vel lo(', ' | j ^ f ^^*® l a t t e r being deaoribed In tersae of 
mi lnteraK»diate cotiplliig aobeae, Hore i^ stands for the 
t o t a l angular mooentum of tbo core nuoleus and <K aoeounta 
for n i l the other labe ls (l«e«( isosplt}^ parl ty« in te rna l 
sytamotry etc*) neoeaaaty to ohnraoter ise that a t a t e . t*hese 
in toraedln te coupling wavef^mctiona are given as line^ir 
eoabiostlons of U-s coupling wavefunctions in the p-ahel l 
frooi e a r l i e r nuclettr e a l e a l a t l o n s . Thua for a hypernueletis 
with Oo p-shol l nuoleona the s t a t e s whioh we eoasiider have 
the following; form 
• i6 -
Trher« the total nuole^^r spin s and the total nuolear orbital 
angttlar taoaentam L are ooupl@d to giv« tbo total nuolenr 
nngtilnr tsoaentugi 4^ ti^ilch Is then ooapled to tho /\ p«rttol« 
spin ( l /2 )» in that order, to give tbo total hyperauolotts 
angular noa«ntU!B l« iFa wrlta 
r - A 
-f- \ 
irhero the subsorlpte s and P on tt)8 suitrix eleac^t Indicate 
thAt these refer to nuoleons In ttiose orhlts rospeotlvely* 
^uhntltuting for v'j^ fro« eqn,(a«l)» ttos f i r s t teru Is easily 
evaluated since the expectation value of ^-<r gives xero, 
' "11" _ / \ - /V • ••• <iti:]itui.€] 
= (3v; + V/j <^. L i..^\ ic-r) I L 2, U. -> 
where i. m i « a, 
t A 
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^ollowtng the proo«dure giv«a la r«f«(20) the s«e<>ad tmm 
Is ernlttated to give 
Ci:]\tvu\[i:'t] 
t - 5 
^<4U.M|[.^(4^j^(\i^-v/;)c(.>ijJ iM i-ij.. 
= (^L h ^ .. ^ B(:/1.Ij-f(r;Ux^A4'A>n\ , 
^..A . . .r . f . 
and l^« 0 and i . « 1 
The ooefflel^nts C( A,I) ftM* a hjrpernucleus of baryon nuaiber 
K and Isotoplc spin It give the e3n>eotatloa value of • - j 
\ ^2'^ ) for the given Interiaedlate ooapled wavefunotIons. 
These coeff ic ients are l i s ted In Table II fur the hypernuolear 
spin 1 ^I'J^ - l/2i„ 
Finally ite have to evaluate the taatrlx eleaent^X>i^ ^ih* 
f (r) l^i't^ ij^ffl ^ for 4 i " »> «ml i and L^n a, 
fjot tts f i r s t consider 4t » '> and -L • 0, The matrix elenent 
1 A 
reduces to 
<;^  0900 I f (r) I 00Qo\ 
The noraallzed s<-shell nuoleon vevefiuactlon Is 
• 38 • 
- C •(. 
wAci^ ^ _ / 4 x '^i 
<^o o o o I i-( -y J 0 o o D \ 
= C ^ ^ . 
- / (-^ 2 ^ V ) [^ x/^ C-V, r /4 - j^ ^.../,(. >^  );V^.)J ^ w ->*A(-^ r;^  
2 ^ 
^ H<Av^";-^r^-K-2--A'j] ^(^^^) yf^..f,; r^;^ "^ 
(^•i^ ^^AV ^^(:^^/i^^/^r;^-/'(^^4^^></^fv^A>^^ 
. . 2 / , . . , ^ > / ; , . , , „ 2 / L 
n^-/'(-J^^.'/i>>^-'K/'ar^ / i , j / ( r ; ^-f>(rV^/^)-Hl.(->/^/i^J,^,,,^dy;^ 
/ l ^ I . 1 . ! V ^ / . ?. i J 2 
^^yH(r'^%^^'fe^"^A^f^>v^'</e^/^J ^ - ^ e ^ ^ ^ n'^ n x.^^ i 
2-2 
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Consider the f i r s t Intogral in the above expressioa. I t eaa 
l)« written as 
f^^K'^Vfc') '^K-^^f^'J i^''^ '^"^ "^  '"'^ '^ '^ ^ 
iatcing the transforaatioa 
- > h, v; 4- h r^ 2- 21 a 
—^  
r - "^T - ^ Z 21 /> 
the faoobian of ti^loh i s unity, the intes^al redaoes to 
/ 
•>^f/;-^'(Vi>"^'/A:j] -x>[--r;^(t^f tf/J/^r^rVr^V^ 
-£ iL i/tj , 
^ c^ 
tihere 
^^ '^'^ .^f^ X^T?)^ ^ ^4[-ry^(t^^ b';J fCrrr'^ '^ ^ 2 - 2 2 
- 40 -
Lft'iilai!; s imilar traasforisntl >n for the other In t eg ra l s we get 
/ 0000 I f ( r ) I 0000 
4 
-i-Zy y i / ^ M ; ^^ 5 
> 1 ^ 
where i ' I 2 h, b^ 
M 
' Z 
*i9%t «e consider tiie case for 4. » i an& -t^ m a, XUe a a t r i x 
el<»tient that we hunre to evaluate la 
- / lOi« |B*(%l) f < r . | l 0 i « \ 
The noramllsed auoleon woveihiaetlofi l a the p - s t a t e la i^lvea hy 
1/2 
3JA \; 
- 41 -
< / -^ I m. 
i^''^^H(-h'^^1^')l^-'-K-'^^^^^^ 
'^^l)i^•>^X!^i^t)cLx ri')Z 
Thin Integral can alsia bo written as a saa of four Intv^rals 
nn in «qn«(2.20), fakiag tim f i r s t of ttiese integrals aad 
moteing the transformation (2,31) va get by foUowing « 
»>roo«dur« given by G. Clofl degli at t i . 
.- /^' i^ . h 
t- c' 
icijLii 
F^.^ frz o^ ' 
-J 1 ^ bV b^  L 
tf 8 (/^i;Is^^'^ +5(/^>i; l,.(h.,) 
(Xi^cX. s 
-% r'K' ^)< ^:'- ^^J] nV rd^ 
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SlraHflr r e s u l t s can bo aiatalned far tUe ofchtir iategr&ls, 
Therefore 
< l^c-1 ^n I B (^l)jo-jl I d -mA 
- H . t L f /3\ .^j; 
, b. -t- b 
^ r , a j _ , B 
+ I.c^'; 1 
^2 ' ^ 
l;^.^V0j.,3(.,i;|.JiLr,a,) 
, 3 xi 
lAyf 2-2^ 
n ( ^fl} and B ( ^»I) are given in eqn, 2.19 for t • <j sad 
i r espec t ive ly , io f ina l ly 
^ ( J V ' - I / ^ ^ - N ^ r b f l , ( 0 - / 6 ; i , C L j 
- ^ y '^' ^ "^  ^'>] - [ 1'^  (3 VI^ ^ vf j ~(\U;)cmjj>. 
• 43 -
•i 5 
tftiere V**. V^ ^ d V~, V^ are thn s ing le t aad t r i p l e t depths 
in tho r e l a t i v e £ * 0 and £ • 1 s t a t e s reapeotiveijr . 
The in t eg ra l s I mid t oan Ue evaluated depettding s p 
Ufton the nhnpe of the A H i a t e r a e t i o n . 
For the Skyrtae i a t e r a e t i o a given in ec|n»(a«d)«« have 
^iifflllarly 
"^'"' ' ^j^un?'''"' 2^7 
. 44 -
Por tho aaugsiaa Intereotitm gtvoa in «qn« 2,2 
I (b ) . 3^ " 4/2 3.33 
*1 l i j * • b^ ^ ^ 
and ybj ) - ^^  a ^ *a)i/a 2.39 
To nomnlizA the radial part of tbe A H interaetion to 
unity «« writ« 
vf . f(r) - « : • - ^ i i - 3.3a 
•' t t 
irti«re NF i s th« noraaallsatioii oonst^tut aad U„ aiid Ur* donoto 
the volume integrals of th«se potentials in the etate having 
re lat ive angular eaonentiM -i and provide a oonveaient ueaeure 
of their strength. 
For the Stqrrse interaotion 
ani for the Giwisainn interaotion 
/ 3 /a 3 
M • 77 ^ 
Thue R enn be expressed in terms of five interaotion 
parr^aeters and three paraaeters sfiioh deterailne the A wave 
- 45 -
function. The parameters for the ikyroe Intoraotioa aro 
a , 0 j , u j , uj and o j . 
and U^ ^^  . H^l, V^ ^^ ^ 
and for th« Gnusalaa intaraction thay are 
ti 3/a 3 i/ 
2 
TTiejr are obtained by menna of a ^ - f i t to the biiiair^ eaergjr 
data, file tbrae warefnaotiao paraflieter^ are y , b^ and l> • 
Thoy are not to be treated as free paraaetera but aan be 
obtained by ndniolaElng li^  «ltu raspeot to tbea for eaob 
hypemuoleua* Det<tils of ttie ealealatlons and diaouaaiott 
of the reaulta obtained are given la Chapter l i t * 
The plonlc A^ny socles of spa l ta t ian hypernuelei 
produced as a re su l t of lc"-«e«o»is Interaot lng with s i l v e r 
and broiln© nuclei in n»jclear emulsion give upper H o l t s 
at 
on n values for these ^yptirnnelfti • in these experiiooats, 
A 
heavy hypemuolel in the bsryoo nua^er range i-^ 60«10<J are 
nfoduoed and the d i f ferences in H values do not o«>eed a 
A 
few leV Insn l t e of the large aass range Involved, allowing 
for a anall k l n e t l o energy value of the .^  In a h9&vy liyper-
nuoleusf lai upper llralt for 0^ , the well-deptii for '\ l a 
nuclear matter i s e a p l r i c a l l y obtained. In t h i s way the 
foltOfring value is found 
n • 2T • 1,5 e^V 
The A p a r t l o l e in d l s t l n o t from the nttoleon»( and for the 
ground s t a t e of 'lypernuelei 1» tSierefore expected to he In 
a Is s t a t e in the ^^  -auoleus po ten t ia l generated B» a re su l t 
of the i n t e r a c t i o n s between the A and the core nuolous, \u 
^ Inereanes to I n f i n i t y , the depth of th i s po tent ia l well 
presuwahly renalns oonstmit l a view of the observed constimcy 
of oentrol nuclear d e a s i t i e a and the short ruase of the AM 
- 4? -
intaraetion r e l a t i v e to the nuclear s i z e , ibu* the ^^  -
nacliHis potent ia l 
' ^ NfCr) f'-^^,(T'] ^^ ^^ -" 2.31 
wn«re V^ A,^  t'' t^ <» e f f e c t i v e A 4 I n t e r a e t l o n . 
/Uistiming the A -nnuoleus potent ia l to b© isa I n f i n i t e 
1/3 
aqware-well of radius R a "\^  H ' I t I s eaay to aUow that 
th<)i k ine t i c energif of a p a r t i c l e In the ground s t a t e of suoU 
a wel l gooji to «ero with Increasing M by the uncertainty 
»jrlnclpl© 
£...'-< ''/-.> ^A¥)M 
so that for t h i s nimpl* n ioture 
z^^r^ J 3.32 A 
where (fKJoorUng to o q n . ( 2 . } l ) the A well depth aagr be 
evaluated as 
'^ ) X r 
a. 33 D r / v / / ( e ) ( ^ . N ^ ^ ' ^ ^ ' ^ 
- 4S -
THore ar« two rnt^i«r dlfitlttot prooadares ttint iiefre boea used 
for the determination of l>^ « In tUe f i r s t« one u»e9 eqa* 
(2.32) to obtain 0 by esrtrfl^olatlag froa H^ values ar<Hiad 
1.1 
C to M — ^ £^ .' o lo t t l ng the ebaerved a value as a function 
Of V^^^ and f i t t i n g thesa witu tb© best e t ro ight l ine for ^^ C 
38 
nnd heavier nuclei • This p r o e e ^ r e seema the otost d i r ec t 
for the deteminAtlcm of !> «wd leas t suhject to theore t ica l 
uneertnintf• T!»e seoomi procedure i s aore dependent on 
th^^oretio-^l assusai^tiorifl. Thin raetfiod eaploy^ a fi t te 'J Persti 
di«itrlhatlf>n for t?ie nuclear density itltn a deptfi (as a resu l t 
f>f folHni^ the At po ten t i a l ) given by D^ • fly requir ing a ^ 
vnlttes In the p-9hel l rniA in heavy <aloaeat9 to be reproduced 
in such a A -nueleu'3 po ten t ia l wellf one obtfiine a value for 
n • Thff outcome of these f i t t i n g procedures gives for i) 
t?»e following 
D ^ .10 • 3 *tev 
The aethods evai leble for theore t i ca l ca lcu la t ion of 
0 ^ are In essence the nnmi «w for nuclear aa t te r* lliree 
laetnods have been used for the ca lcu la t ion of h , na^aelv. 
(1) a perturbat ion ex|inn§ion in powers of tJie s t rength of the 
AV potent l 'v l , aprilloable only i f t h i s has no strongly r epu l -
sive core , (2) the Bruecfener-iethe Q'-fiWitrix apjjroa«s?i for 
siotentlnls with a strong aad short rcmge repuls ive core and 
«> 49 «> 
(•J) %'arlatl<mal 3i«tho<is which as® QQrrei&t&ik iai»trow-type 
Th« var ia t iona l ajiproaeli ««« f i r s t used for 0, by 
r»oiBi« pud Grypoos and has stnee b«0a inves t iga ted in de t a i l 
31 
by MttoUer and Clarli • the per turbat ion approach has bean 32 disciinsed by TlfHlaier and siaafianthar • The jg>aatrix i^jpraaoii 
was f i r s t used for the oaleulat iona of !)^ in the form of 
33 the iadopandent«t>alr approjclsatl on by Waleoica and subae* 
34 quently by noims and Wara • 4ore raoeat g -aa t r l x taouiiques 
for cen t ra l AM po tan t i a l s liora bean nsad by Pabrowa^i and 
'asaim and by 8od«ar and note * • Se do not intend to 
f ive the de t a i l s of these d i f ferent thaora t ioa t methods for 
ea leu la t ing r>^ » 
A, 
^"iQoe our i n t e r e s t i» merely to obtain on e s t i a a t e of 
V ^ wo have oonflned oarselvea to tho f i r s t order par turba-
t ton theory. This seens raasionabla »inoQ cHir In taraot ion does 
not have hard cores e t c . 
We give below the aiothod that we have used to estiou^te 
l> both for ^kyrnm and Gjfiia^inn i n t e r a e t i o a . 
A 
In the Indapandont'-pair approxifliation, tita r a ln t ive 
itiotion of the A pa r t lo l a and a nuoleon in naolear «^itter i s 
daserihwd by a sa l f -oon^is tant B@t^e«^«oldstane e<|uatian in 
which the p a r t i c l e nasaes are raplaoed by appropriate affeotlve 
34 
mas^^es' • The A binding to nuoilear laatter i s given by 
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V := 
1^ f^vjm. 
< ' f 
L2-K)' ' f 
2'34 
J 
wfiorA y U s a a ^ ^ ^ ' f a i ^ t k i s the r e l a t i v e tiomentua of a 
^ -^uoloon p a i r and k . i s t h e f e r « i sioaioiituta, %& Asauiae 
f 
2,35 
V- - ^ 
iftiere V^^ i n the r e a t i i s t l o A :i p o t e o t i a l and ^ / , j j ( k , r ) 
the corro«»pf>nding wave func t ion , fhus 
'Trv 
- ) • -
''"^-(tAf n ""'^ i--K--*-j't 
.3 X ^riKikr) ^ '' 3.36 
< 5^lnce Vj ( r ) i s s ta te-dependftnt we rn^e to o a r r y out the 
followins: nn^ulftr no^entuffl expansion of the p iano waves 
j C A>9 - Z-^.j Ckr) (7(tL64 ^ } 
51 • 
ti^iere tho higher order terms hwe been neglected, le wri te 
a s imi lar expmslon for \^(i.hr^' ^^ubetltatlng for V.^ from 
«><]n.(3«l)» e(tn»(2,36) reduces to 
0 4 ; 
3 / 3 i r , \^, \ i=^,v". / . \ 
'''• - - h (fn ^ ^  [ ^ T^'^ -^ ^^ "^  ^ '^ '^  "'^ " 
< j 
ex. 
For the stcyrae In te rao t l aa the above expreeslon 
readi ly reduces to 
«»3IK r 
\^x • " F T M ^ » • 3UJ)(0,25 - 0.3 k .^4) 
• <U* 4. 3U* ) 'J.3 IE 4^ / 2.38 
A 
For the Gmisslan Intarecticm 
2 / : ^ )•' { r", r ,. ii° ^ ; )S / . . . . /^ 
.^ r - -^^ , V ;r; h^^ (' i^-'^j (I - ^•>^\>(-*.') 
4 
-J(^-^^) ( i . - K - ^ V ' j ) . ^ . J ( ^ 
kr J 
since tho integrals cvrinot t»@ evalaated aaaHf t ieal lyf w0 
solve thea using nuoerioal metUods, substltutitig tha values 
of the potential parn«at«ra in the above exprasalons D i s 
raadity ctstlnated for both the .^ tcyrae aad Gaussian intar* 
actions. 
iECTlOM - I I I 
tn tiil^i seot loa we b r i e f l y deserlbe tbg standard 
procedure for c a l c u l a t i n g the A -proton t o t a l c ros s - sac t lon 
using a central s p i n - and state-dependent potent ia l 
—^•^n 
V ( r ) ^{3v[ t v / j / ,^ f {yt -^i )f^ - ^ • ^ f ( r ; 2.40 
;2 
^Ince for our ?5aalltonlfflH S , vfiere ? l« tb© t o t a l «pin 
operator of the A f> sye tea , i s oonsenred the icitrodinger 
equation In the C'»ntre-of-aaas aystea aay be written as 
<. s 
V - £ Y 2.41 
where H 
(^ iS; 
• a. 
in th(» reduced aass and 
'b.ui ^^a. 
-A - ^ A 
I s the enerisy of the oentre-of -»as8 sys tea s.^ being tbe 
laboratory energy of tbe inc ident p a r t i c l e and tbe label 
S on the wavefunctlon Indicated tbe to ta l apln of tbe \p 
<*ystera and l » i>ither •• or i . The general so lu t ion of 
o q n , ( 2 . 4 l ) for the given potent ia l can be wri t ten as fol lows 
ClU\) L^Rlcrj p^(C^{9) X'^  
>fc J> S- >1c 
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w^iere )(, ^ Is tlie coupl 'd s i i ia-fuaot ioa of tlie A P aystet 
and U:^  g « t l s f l e « the equation 
,;^.>" 
k - i CM^ I 
2.43 
^2 t J 
far s ai j ( s i n g l e t ) 
for 8 • t ( t r i p l e t ) 
The bound-^ry condit ion at r a i) tliat R^  be f i n i t e or 11^  
vanish determines the amymptatlo fora of the so lut ion (2 .43 ) 
eiroeiit for nn arbltrnry i su l t lpUent lve oon«tAttt« R^ ^ ^ ^ *® 
obtained from tbe asywi'^totlc formula 
K'^> -^. Ckr) j \ < f . ^ ( ^ r - i ^ ^ t ^ " ^ ) , 2.44 
i»here 0£ l a tbe phase s i i l f t of th® -1^  fA. p a r t i a l wave, rty 
aatohing th«? aiiyai)totio fora of ttie so lu t ion to a pleoie 
wrive filus an outgoing wwe , w© get for the s ca t t er ing 
ampll tud?» 
43 
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Thus the d i f f e r e n t i a l oraasHieotloii i s 
Tho t o t a l 90Rttffring oro8s--«©otl<m for a given s i s xiven by 
A" 
c;:' ^ £7i I (r^((^; .^t^t^c/-^ 
0-6 
In pract ice th« contribut ion of p a r t i a l waves with <, groater 
than sora.3 value i >, IcU, tvhera U i s the range of trte 
p o t e n t i a l , diminiflhes raj>irtly so that higher terias of tUa 
s er ins nre n o g l l g l h l o . 
I f (J"^ and CT 1 denote the soat ter ing eross'-iHeetions in the 
<iini|l«>t and triple«t s t a t e , then the exper iaenta l ly aeasuretl 
e rose-see t ion in the weinUted average of %1\Q two, f ius 
(TT = t ^' " i '^ '' '••'' 
The osupntial part it the oa lcu la t ion i s trie auaer ice l 
in tegrat ion of the radial wave equation ( 2 . 4 3 ) for s i n g l e t 
nnd t r i p l e t s t a t e s frota the or ig in out to a dlstimoe whore 
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th© nue l ea r f i e l d Is n e g l l g l b l •• file wavefunotlou '>btain«<t 
by t h i s i n t o g r a t l o n of t h e Aquation In the rogldn vHicre the 
n o t o n t l a l In s igni f lofsnt iim»t j o i o ssH>ottily to tHo e x t e r n a l 
s o l u t i o n ( 2 . 4 4 ) , This oond i t i on y i e l d s th« pttase s h i f t s , i'Ue 
intf>rnal in t9grat i<»i was done by tlie Fox-Ciooctvlii 4ot)md • 
In the tow energy r e g i o n , where «e ft<we preUoaiannt iy 
s-wavd s o a t t c r t n g f wo get fr?>£a oqn, ( 3 . 4 7 ) and ( 3 .4 J) 
R -
3.49 
***«*'« (So '*'*^ ^ o ^^^ s l n g l o t «n<l t r i p l e t phase s h i f t s of 
tho L m > syar t ia l wave r e s p e c t i v e l y . 
In the e f f e e t i v e range apnroxlaiation 
k ctt 6.^ ' " xK 2 
^ ^ 2.50a 
and K QA. c^ ^_ 2, 2,5ab 
where a and «. ore the s i n g l e t an<l t r l p l o t s c a t t e r i n g 
Innf ths amd %A and X t the oorrespondlng e f f e c t i v e r a n g e s . 
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"Substituting from oqns, ( 2 , 5 >) i n t o eqn, ( 2 .49 ) we get 
"5? 'K l\ 
O-Y - — . - l l [ - ( ^ ^ ' ' - ^ 1 ^ ' ' ' [(-'''-»)'-5^-*7"+'^' 3.51 
'T© determine these four paraaaters by p l o t t l n i 
't Sot X_* versus k tor several energies l^ss th/ia lu loV. o 
t^ low energies where only a-wnv© i s s i g ^ i r i c a n t . Ilio p la t 
Is a strfil/^bt l ine whose i n t e r s e c t i o n with the ordinate 
f i v e s the two scat ter ing lengths a and a^. The slope g ives 
the e f f e c t i v e range. 
C H A P T E R - I I I 
Th« analysis of p-shall tiyparnuolei to be ^sorlbed 
her# «M ai«d« with tho 1973 8^data of Jurto ^t a l . * as l i s ted 
in Table I* Ve liicra ho««v«r l i s t tod out aaalyaia to tiiose 
hrpernticlai for vbioh the r .« .« , radii of tlio ooro are known. 
Thtt* in our aaatytit «a inolodo ttie following 
»H,. V . « U . » B , »»B. »»B, «»C, »H. 
'^  ' A ' A ' A ' A " A ' A * A 
In Table III tlio i|UOted Yalue of tlio r*«,s . radius of ^^H i o 
froa tHe 1969 artiole of wa and Wil»ta^« At that t iae i t «a« 
fottid that tho r«««s. radius of X givon in tbo saaw ref«ranoa 
ira« m a i l e r thflti tbat of H as *m» would h«re expeotod* 
However^ more reoiNit data for ^% cAitalaed uaing refined teoti* 
niquee md bavins better e tat i s t ioa beeane orailable ( I . ^iok 
«id 1. MoCarthy^), In Table 111 the value quoted for the 
r,ii«9, radius of **C la the OM fron the aiore reoent eiqfieri* 
14 
«0»ts wid i s found to be rather nore than that of * M for whleh 
only the older data are aral labia. On physioA1 grounds ve 
expeot the r . i i . s . radius of to be 8<MieiAat larger than 
that of ^^c. mierefore In our malys i s we hare taken the 
upper U n i t of t for *^?J to b© the saae as that for ^ ^ on 
tiM basis of the new data. 
We hare atteiapted to explain the 3^ data of these 
hypemttelei w i ^ a two<-4>ody e«Atral« spin and state-dependent 
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A^ lnt«r«ot ion descrlbtd in the prevloas oh(^ter . the varla« 
t ton of tho nuclear sia© mi tho A itaveftiiiistlott throogfiout tUe 
f>^H9ll has been accouttted for together with th© centre-of-
fliass e f f e c t . The nucleone h«ve be*»n described by I n t e r a e d l a t e -
coupled harmtmlc o s c i l l a t o r imvefttnotions tJie s i z e paroaeters 
of which are fixed froas the e lectron scat ter ing data . The A 
wffV«function was cftosen of a tvo- tera Giusslan forta but ttlti* 
s a t e l y the ca lcu lnt ions had to be done with a s i n g l e Uaiesian 
wmrefonctlon because of the l i a i t e d co»putatiOiial f a c i l i t i e s 
evailf^blft, vloroorer i t has been pointed out by <iiiu'^''tteat the 
einis;!^ Gfmisaitm wavefunotion i s a reasonably good api^roxlmation. 
fhe e l s e paraaeter of the A wavefuiiotion i s aot taken as a 
free parameter but i s determined by a aini ia isat lon procedure 
described below. 
We analyse the B^  values for which expressions aave 
ftlroady been derived in sec t ion I of i:m«i|>ter II» for both 
^Ijyrwe mid Onussian i n t o r a e t i o n s . faking the A wavefunociun 
of a s i n g l e Gmissian form, B^ can be eiqiressed in ter»s of 
f ive in terac t ion panuaeters land one v a r i a t i o n a l p^traaeter, 
na«s<tly the s i e e parameter of the A wave funct ion, the i n t e r -
act ion parnsieters are assumed constant throughout the p*shel l 
on*! for ^fle. The vnriat ionnl paraaieter deteroilnea the A 
wavefunotion and i s d i f f erent in each nucleus . 
- 6i> • 
!• The C ale u t a t tonal Procedure 
The five In te rae t lon peraiseterfl are aetermtaed by a 
standard best purasoter seareb prograayae which iainiaiaeB the 
3 yj defined belowi 
k L 
[By^)]r-l^^% 
AB(k) a. i 
wherein^ (k) «, end [s^Cky,. denote the theore t loa l and 
estperlaental Talues of 0^ respeotlTely* A B^(lc) ia the «3(perl-
aifintnl error involved in the ateaiRared values of [3^(l t ) j ., 
h runs over a l l the e ight hypernttolet ohosen in our ana lys i s . 
The oo»fipt.ttationfil procedure i s as follows* For a given 
I n i t i a l set of in te rao t ions paraneters the computer progriyaae 
iainimises n^ of eaah of the hypernuolei oonsidered with respect 
to in«1ependant va r ia t ion of bj for each of thea, fho y^ as 
(!efined in eqn«(3.1) i s then ca lcula ted , fbe prograisae 
proceeds step by step v-rylng In each step e i t he r one or laore 
potent ia l parameters similtanemisly in order to oiiniaize the 
jl^ , After each step the A binding energy i s aiaiiai%ed with 
rftsf>«ct to b^ givinis '\ vrslue of b . for each nucleus whiob may 
be dif ferent fro?a the previous va lue . This process Is c o n t i -
nued t i l l we get the fin^l values of the iu t e rae t ion p&r^aeters 
which minisBlze the % together with the s i s e paraiaeter of the 
- a i -
/y, w»V9functl<m for eaofi nucleuis titiioh minialzeci the corras -
ponfflng binding energ i e s , AS already s ta ted the lateraetl<»a 
paraaetera am taken the saae for a l l tlia Hyperaaclol. 
2. ^ t a to »A with the ^Icyrae l a t e r a c t t o a 
The r e s u l t s of the numerical f i t t i n g of ttie l)^  va lues 
with the Skyraie Internot lon are given l a Tablo IV, 4s we 
hflfve already aentlened we have analysed the datts with a 
centrnl tvro-body ip ln «nd state-dependent AA in terac t ion In 
which the following e f f e c t s have been Included, 
(a) the var lnt lan of nuclear 8l«« throughout the p-ai ie l l 
(h) the varlf^tlon of the A waveftinotlon throughout the 
p - s h e l l , mid 
( e ) the oentre-of-'iaass e f f e o t . 
In order to see wiilcli of these e f f e c t s are aore 
Iffteortant In enabling us to get a s a t i s f a c t o r y f i t of the 
dnta, we hflVe carried out the numerical f i t t i n g l a the 
fol lowing nenner. 
Set I . 
To begin ^ t h we hi^ ye neglected a l l the above aetttioned 
e f f e c t s . The 8 i«e paraaetera h mni b^ are kept oonstaut 
throughout the p - » n e l l . The eentre-of-fsass energy i s taitea 
s 
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- e a -
st Miro* la affeet this oorr«tpoads to the snalfsla of GSO 
from whteta aoa-ooatral «ad ttir«««>bod]r foroes haro booa ascloetod* 
We oHoosa ti a<i«al to i .39 tm for llot eorreapoading to tha r.«*s* 
radlna as found from aloetrcm-aeattariaf (aa« t i^ la I I I ) » aad 
aqaal to t«99 tm tor a l l the p«sliatl oaelal eoaaidarad. to. l a 
tak<<«i aq^ftl to 1*74 f« tor a l l tba hrpomnolai ooasldarad. Ftoasa 
ara tha valuaa anggastad toy 6SD as raaaoaatola aaaa faluas for 
to and to.« Mlalaislaf «• i e t a Talaa of ( x ' ^ n i a . " ^^* ^ a ln i lar 
analraia toy GSD yialdad a valaa of ( ) C ^ ) ^ Q • M i * ^ i * tolghar 
•a la« «Bot only toa toaeaaaa In ttoalr aaalyaia mora hypamnolai wara 
ooasldarad aad ttoe aaalyaia vaa doaa with ttoa i9ft9 Ji^ data of 
0 . f)oha at al« Proa aaah aa aaalyaia va ara a a ^ l e to obtala 
inforaatioa atoout a l l tha fiva iataraoti<Hi paraaatarsy aiaea 
two pBram^tBra are in faet radundaat. I t otm toa raadily aaaa 
fron aqas, (3«t8) aad (2 .25 ) , ttoat abaa to aad to^ ara leapt 
ooaataati B^  radoaat to ttoa fo l lo»ia( fora 
ahara A.t A^ aad A^  ara ooastaat for a l l ttoa hypanmolai 
eimaidarad and ara givaa toy ttoa folloaiag axpraaaioaa for 
ttoa Sicyraa iataraotioa 
«- 64 • 
(/.:'+";} 
3 5 
friiere b and b are tbe values of tb« siae paraaeiar to tbe 
s - find p-«H«llt re«peetivei)r (b^ • 1.% f« and b • 1*56 fit). 
«• take b diffareni froa b^ tinoa wa ara voricing \i9T% in tha 
aplrit of <»SD abo hora tokan tba ooatitlbatioa to B^ froa ^ a 
oonataat tbronghont tha p-aitall* 
In ordar to ba abla to draw a<MMi loforaation about toa 
interaetlem paraaatara «a f ix A • 0.325 fa^ a valtia irtilob la 
nearlr Gonatataat aith tba aaebanlaa of t«o«-pion aaobaaga for 
a Gaustlm Interaation. Proa aqna. (3 .3) and (3*4) «a can 
now (totaralna tiia valc^a of %h9 Tolnaa intagralo of tba apin-
Indapendant part of tba intaraotlony naaaly (^^ ^ ^\) obd 
(uj • 3uJ), «« gat * 
•"i 
.3 (uj • 3uJ) m .aoe.d nev fli" 
and (U^ • 30^) • 332.3 MaV fk^ 
3.6 
"^  Tbi« la ^ a ratio of tba f irat and aaooad aoaaata for a 
Gaaaslan potantlal tba ranga of iriiiob oorraspond to t«o 
pion axobaaga. 
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I t i s obvious fro» eqn. (3 .3) tli«t the valua of ( y^ ) ^ ^ I s 
Independent of the Yalttea of b^f b tm^ b. that we aay choose. 
A different set of values for b , , b^ mai b^ e l l l only result 
in different values of the interaetloa parameters* 
^ot I I , 
In this set tira continue to keep b . . b and b. tix»6 
^ 9' p 1 
at the values mentioned in :let I but we now include the 
oentre->of-4ias8 energy. B^ can once ^airt be written as in 
eqn. (3 .2) exeept that A. wi l l now be redefined with the 
addition of the oeotre--of-aa«s energy tera «^ieh i s different 
for oaeh nucleus. The paraaeter ^ i s kept fixed at the sane 
2 2 
vnlue «s before* naraely 0.333 f« • te get « value of ( > )j||„« 
79. The volume integrals of the spin<*lndopeadeat part of the 
interaction are as follows. 
(Ug *> ^ t ) • -341.3 HeV f«^ 
3.T 
(uj • 31}^) = 450.2 MeV fm^ 
(To«parlng values (3 .6) with (J .7) we see that the inclusion 
Of the centre-of-oass energy not only reduces the yi by about 
20% but also e f fects the interaction parameters of both the 
S'snd p-s tates , the effect being considerably aorc for the 
p-state parameters. 
- d6 • 
For this 89t «« e<intlnu«i to keep b . aa<i b eoimtant 
but we allow b. to be different for eaob nuoleua by foUoiiiag 
the OAlculatiofial prooedare described In Section 1 . we get 
a value of ( X^^ain * ***• Having allowed aore f l e x i b i l i t y 
In the A woveftmotlon th is inorease i s not unexpeoted* fhe 
internotimi paraeMters are now a l l deteraiined and are given 
in Table V for Set I I I , the values of b. obtained for eaob 
nucleus are given in Tjs^le VI. The paraaetera obtainod 
eorre9non<l to a A M intoraotioo whieh i s attractive in the 
i9iagtet and tr ip le t relat ive ^ • 0 state and repulsive in the 
s inglet and tr ip let relat ive i^« 1 state* In both cases the 
strength of the interaction in the singlet s tate i s oiore than 
in the tr iplet s ta te . The values of the volume integrals of 
tho spln-dndepeadeat part of the interaction are given below, 
^"s * ^ t ^ m -340,0 «eV f«^ 
4 
3,8 
s_V!"t • T13,5 5leV fa"^ ' and U^  • sul _ -^^ . ,,_., , 3 
a The value of \ turns out to be 0,333 ta irtiich i s very nearly 
the 8f»e as In Sets I and I I , therefore we can c<M >^are (3,^) 
with ( 3 , 7 ) , ire notice tiiat the interaction parameters in the 
p-«tate are considerably effected by the introduction of a A 
- 6 T -
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«««¥efUnotloii which i s differftitt in •aoh nucleus vrtioreas lltere 
8pn«nrs to be r^ty l i t t l e obaoge in tiie s -^tate parameters. 
Set IVa. 
We now allow for the var ia t ion of both the nuclear 
nice and A waveftinotion throughout the p - e h e l l . ^o far we 
were mainly oonoemed with seeing the e f f e c t of oentre->of-> 
mass energy and Tariat lon of A wavefunotlon in the fra«ie«orlc 
of OS0 so we ware constrained to talte b d i f f eren t in the s 
and p - s h e t l . noweTer there i s no ind ica t ion for t h i s froa 
e lectron s c a t t e r i n g so we ta!ce the tasie b in both the s h e l l s , 
b i s f ixed at i t s aean value for each nucleus as determined 
from e lectron s ca t t er ing aaA given in f ^ l e I I I . b . i s obtained 
as before by the aiiniiRication procedure described e a r l i e r , tte 
get a Vftltto of ( -jL )^m • 335. 
3et IVb. 
I f we now allow b a s l i g h t var ia t ion within the li<aits 
of i t s experiaental error which in ttost oases» i s yry s n a i l . 
2 The ^ reduces to a value as low as 9 end the B^ data are v%ry 
well f i t t e d . 
I t i s therefore , obvious that the 0^ data are extreuiely 
s e n s i t i v e to snn l l changes in b . This fac t i s further born 
out by the value of the der ivat ives ( d\/^y ) given l a fable X 
- T o -
r i 
«^lch are seen to l i e in ttie range 0.9-15 MieV tm , n>e 
Interaction parameters in the Sets IVa imd IVb are praot ieal l / 
id«^ntlQal. The s-state parcuaeters are s ia l lar to those in 
i^ et ITI but the p-state paraaeters are verjr dirferent, fhe 
Interaction in the ^ • 1 s inglet state i s now attractive 
nrhereas in the tr ip le t state i t i s repulsive. 
Set Va. 
I t must be a«ttioned at this sta^e that the paraaeter 
values oorresponding to 3ets IVa and IVb are by no aeans ual<;^e« 
Starting from different i n i t i a l valnes we may arrive at different 
se ts of paraaeters^ m exasple i s the Set Va. iCeepiag b fixed 
at i t s {lean value for eetfth nuoleus as giVMi in table III «e get 
a set of interaotioa parameters very different froa those in 
Set IVa. The value of ( y?)^^ • 80. 
Set Vb« 
Allowln?, for the variation of b within the H a l t s of 
2 i t s experinental errors the >. reduces to 3 . He are therefore 
abl(^ to get two sets of Interaction paraaeters very different 
froa each other giving equally good f i t s to the B^ data. 
possibly there aight exist several such s e t s . The value of b^ 
for eac^ nucleus I s given in Table VI for thme se ts la which 
i t has not been held constant. The values of b are also given 
in the snae table. 
- Tl -
\n analysis wltrt a spl a-de pen dent but stato-iadependent 
2 AM tn te rac t ton was found to give a •% of sever* 1 thousands, 
thereby e«»pba8lsin% the laaortnace of gtate-dependenoe* 
3. Estimate -Jf P^ with the ikyrwe In t emot i an 
The in te rac t ion paraaeter-^ correapondlug to seta IVb 
fm<\ Vb .'Ive equally go >d f i t s to the li^ data , fherafore we 
e«tlfflate 0^ with both theao s e t s by sub<9tltutlng tUeir para-
meter vnluea In eqn, (2 .33 ) . 
Taklnif the Feral momentua kj^  • 1.36 fm" we get for 
i e t IVb , i)^  - -29.9 :4eV 
^et Vb , D^  - -UT e^V 
The volue of D^  correspon^Ung to 5et IVb Is oonslst^mt 
with the empirical ea t ina tes wheraas the value correspaadliig 
to Set Vb l a vaat ly sUfferent. Therefore, we take the piura-
ni^ter '^et IVb as th<9 more aooeptable of the two. 
I t Is perh^ss possible that there are other se ta of 
Interaot lnn paraaetera which salght f i t the 3^ data aa well at 
aocurntely estlssate 0^  , But porhfips these seta would not be 
qna l i tn t lve ly di f ferent froa eaoli o ther , iiowever, in any 
case one would exoeot ell ialnatlon of soiae aets of pariuaetars 
which f i t B^  by r e ^ i l r l a g the^ to correc t ly oa t l aa te i)^ a l so . 
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4 . F i t s to f)^  with the Gwissiart I n t e r i o t i o a 
The f i t t i n g of the U^  values with tiie Gaussian l a t o r -
iKStlon fol lows eunctly tha 9a«« prooedura as in Sets IVa and 
TVb with the " l^iyraie i n t e r a c t i o n . 
l e t ^ I a . 
'^(i f i x b at i t s sean value for ts&oh nucleus as given 
in Table I t t . Following the ca lou la t iona i prooe<lure desoribeil 
a 
o a r l l e r we get the rather high value of ( -^  ) . • 640, 
Sat t b . 
4llowln^ for the var ia t ion of b within tlie l i ia i t s of 
2 I t s evperiaental error we get ( -j- t^in * ^•^^ T*»us we see 
thnt n^ i s equally well flttocl with a Omissian i n t e r a e l i o n . 
Thp values of the A binding-energies and the s i a e partuaeters 
b f»n<1 bj are given in Tables VII and VIII respoot ivo ly . The 
corre«ii><»i(!ing internot ion para^oters are l i s t e d in fable IX,. 
The Internotion i s foun<) to have s imi lar features as that 
corresponding to Set IVb of the ^fcyrae i n t e r a o t i o n . However, 
the strengthi^ in the d i f ferent s tates^ par t i cu lar ly in the 
p - s t « t e are quite d i f f e r e n t . Proa our cutalysis we get a 
v«lue of the ran^e paraaieter of th© Goassian po ten t ia l equal 
to 1,24 fai. This i s nearly cons i s t en t with the aeohonlsii of 
two-pi on eicohnnge. I t i s >noe again f«m«rt that B. i s extremely 
- T3 -
Tal»U «• VII 
Rosatts of tli« mi««rleal f i t t ing wltte th« GaM«»l«i lBt«raotloa 
to tlio B^ data. 
nj^omoeleito 
> 
> 
' . " 
> 
*JB 
» > 
» ^ 
15^ 
8 A 
EsqiorlaoBtal 
MoV 
3aa • 
5.88 • 
6 ,80 • 
8,89 • 
10,84 • 
11.3T • 
11.69 • 
13.56 • 
o.oa 
0 .03 
0 .03 
0 .13 
o.os 
0.06 
o.ia 
0.15 
Thooretloal 
aa? 
Sat l a 
(x*)«l«-«*<» 
3.164 
s.sri 
6.483 
T.1T6 
11.015 
11.860 
11.303 
13.440 
Sat lb 
( ^^)ill«-«-« 
3.115 
5.579 
6 .883 
6 .840 
10.319 
11.345 
11.T34 
13.3T6 
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TabU • m i 
1> and b. (Gaiistlaa Intaraation anatjraia) 
H^araaelaaa 
N 
V 
V 
* > 
> 
' > 
* ^ 
15„ 
A " 
Set 
1.388 
1.004 
1.888 
1.T94 
1.888 
1.820 
1.880 
1.880 
l a 
*1 
tm 
1.483 
1.T80 
1.T38 
1.888 
i.Ta4 
1.T81 
1,840 
l.TOa 
Sat 
to 
fa 
1.334 
1.038 
1.881 
1.801 
1.T41 
1.8T4 
1.888 
1.880 
lb 
*1 
fa 
1.480 
1.748 
1.887 
1.734 
1.730 
1.730 
1.770 
1.817 
Wotai In Sat l a b l a Icaot at I t s atan value m t^ven In 
fabla I I I . Par ^*}f this 1« takao tba aaaa aa for 
* ^ {•— tairt fiaga 58 ) . 
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Table - I X 
I a t« rac t t (m Paranetera for ttta QaiMsiaa aliap* 
Fotaat l f t l 
paranatars 
(K 
0 
0 
0 
u 
Sat l a Jiat lb 
1.3077 fa l .a iOa fto 
-0a7.4a MaV fa^ •930.83 ila\r fa^ 
-943.17 Ha^ r f a ' *a83.81 tiaV fa^ 
-338.70 MaV f a ' -388.33 MaV f a ' 
188.35 »iaV f a ' 184.98 MaV f a ' 
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s e n s i t i v e to siaall ohiu^es In b . The der iva t ive s ( 3B^/ ^b) , 
given In Tnblw V, are seen to l i e In the range 6-22 vleV fa*" . 
5 . r.gtiaate of DA with the gaMgsiao intgraotliwi 
"Substituting the inter«otif>n paraaeters corr as ponding 
t'^  ?»<»t Tb in •qn.(2 ,39)w» get « value of U^  • -33»S MeV for 
k„ « 1 . % fa , ThiH value of 0^ i«i eonsts tont with the 
empiricr.1 i?stimates. Thus wo see that the Gauaglaa int<jr-
actlon i^ abl*> to f i t tha B^ d^ta n» wel l as accurately 
estitaate D^ , 
Ono general ly eicpoote the e f f«ot iv« in teraot ion to 
/^Ive H q u a l i t a t i v e aeoount of low<<-eiMirgy sca t t er ing data. 
Therefore^ we have analysed these data viith our Gaussian 
i n t e r a o t i o n . 
6 , Low-energy A-nuoleon sca t ter ing with the Gtiussian 
in terac t ion 
The experimental A-proton scat ter ing data to be 
f^nfslysed c o n s i s t s of sitr data po ints of the Wdixaann<-<ieidelberg 
4 
group in the oentre-of-oiass aner|^ range 2 to 30 ileV and s i x 
data Doints of the Maryland-il l group in the saae energy 
range, rhese d«ta contain information on both the t o t a l 
erosssec t ion (f am! the forward-bfKskward r a t i o F/u, of the 
- TT -
fabl« - X 
Th* dorlviitiT«t ( d B/ s) b) for both the SkyrwB and Qattstiaii 
Intoraotloas 
Hrpamuelon* 
THO 
A 
> 
> 
* > 
»1B 
A 
A 
A 
A 
( ^ B , / 
stcrme 
Intoraettoa 
0.925 
9.at8 
8.390 
10,120 
ia.130 
13.880 
13.100 
14.900 
5li) UeV twT^ 
aanaalaa 
latari^tloa 
8.S8 
8.87 
11.48 
14.45 
18.94 
18.31 
19.07 
31.78 
; ^isvy -J 
'^'^^L/.w uiNiVtR^ 
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anirwlnr d i s t r i b u t i o n . These tim se t s of s i x data points 
37 hwp been combined Into one s e t of s i x data points which 
ard l i s t e d undar (X^iex^) l a Table XI* i i e f . (4 ) a l so Inoludes 
four datfj po ints for the polar«e(|uatorlnl ra t io P/i;, tha 
values reported for F/» and P/U or© shown In f l g s . i l l and iv 
respec t Iva ly , An annlysls of t h i s data with the A N GausHi,«fl 
Interact ion paraaeters correspondltig to i e t lb g ive a rasson-
ablo f i t to the t o t a l cross sec t ions as sliown in f i g , I I . 
The ca lcu lated values of the to ta l cross s e c t i o n s are l i s t e d 
under cC { T-kcc) in Table O . We hme a l so Hated the Indi--
vl'liiAl contribution to the s i n g l e t and t r i p l e t oross*see t loa 
a t '/ 
(T- and cfj- , froa the £ « 0 and X M i par t ia l waves. 
flsrher p a r t i a l wnves ore seen not to contribute* The f/u and 
P/'i r a t i o s i^loh depend on the Interaet ion in s ta tus witfi 
r e l a t i v e orbltfil angular aoaientuca (?> 0 are alj^o reasonably 
well reproduced as shown in ^s,a. III ^rni IV respdotlvely* 
Ttte analys is reported a b w e , was done with a standard 
opt i ca l model progr(«Bae which uses the Fox-Goodwin laethod 
for the Internal Integrat ion of the wave equation* We modified 
t h i s pro^rntame for a Gmisslwi I n t e r a c t i o n . We further nade 
the rirovision that the s - s t a t e potent ia l paraaraters were taicen 
same for a l l even -^  s tated and the p - s t a t e parasaeters for 
e l l odd -^ s t a t e s * tiowever, as may be seen frosa fable Klf 
the major contribution to the t o t a l c ros s sect ion cooes fron 
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t1i« X « 0 p a r t i a l «<«r«« Th«r« i s « v^ry • • a l l e<Mitritetloo 
f roa tbe -It I p a r t i a l «av«« and islgliwr p a r t i a l MiYaa ara 
alaoat ecM^letalr i i u i i g a i f i e a a t * 
f f f a a t i v ranaa a n a l y j a 
H M a f faot lTa ratita « ia l | rs ia par famad by tfeta Vainuuia-
naidalbarg gronp and tlia i)lar]rlali4«»II'? groap y i a l d tlia f o l l o v i a g 
sata of Talttaa for a . t a«t r^. BOA r^.« 
a • oa ot 
Waianaan-neldalbarg aoaljrsiat 
a | « - 1 . 6 fti t a^ • - 1 . 9 tm 
**ot " ^ '^ * • • ''oa • ^•^ * * 
Maryland - I I T analyaiai 
a^ m *2*2 fa • *s * '"^•^ ^ 
r^ ^ • 3,5 f a , r^^ • « .0 fit 
Thaaa paroaatara tuggaat a rather vaak apia-dapaadaaoa of tHa 
Al l ia taraot toa ' eoatrary to tlia iadioatiott froa tha praaant 
fuialysis md froa othar aooraas. 
I t auatt hoaavar* ba aapbctfiisad that paraaatar T a l a r i 
qtilta d i f f a r a n t froa thaaa boat f i t Talaaa alao f i t tha A P 
• e a t t a r i n g data wal l v i t h i n <Mia ataadard daTiatioo} for 
•vaapla* «a mmr haTa ( a ^ , a^) • ( « 8 * 0 , <-0,9)fa or ( a ^ , a^) • 
30 
( * 1 * 0 , •3«0)fa» wi th in th ia raaga of taoar ta ln ty • 
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Tli0 Talttes of the four offwitlve range p«rafl«t«r« are 
(M>tain«d by plott ing k oot ^ ^* vorstta k^ for a^Toral energies 
leas than 19 MIeV for botli the aingl»t nnd tr iplet aapttia. fhe 
plot wi l l be a straight l iae the interseeticm of which «i tli the 
ordinate f!eterainea the soatteritig lengths a and a. and the 
nl<in« of which deterniines the effect ive rangea r^^ and r^, 
• oa ot 
reapeetivelr* The plots are given in figa* V and VI. the 
following values are obtained, 
au • -OAdS f«, a^ m «4*2S fa 
«*«* • *»*® '»• *^ «„ • 3«34 fa 
Ot • OS 
The cross ^eeti^ms predicted by these piraneters obtained by 
substituting these in «qn, 2«51, are seen to be 9xtr«MMly close 
to the values predicted theoretioally by our potent ial . I'his 
i s expected since the contribution froa the p and higher partial 
wasves in r&ry sna i l . 
T, njseussion of results 
In this 8eoti<!m we dlseuss in detail the significance 
of the results that we have reported above* I t has been our 
ain to not only analyse the »^ datai but at the saaie tine to 
attanpt to ffnd out which factors are more ioportant in enfOtling 
us to get a satisf««etory f i t to the data. We have therefore 
ft ,.--
^ 03b JM, 
0.2H 
0-1 
0-0 
..^' 
0-08 u-i 
k^ l^ f m"^ I 
.2 Pig.St k Cot £ plotted versus k for A p 
s inglet oross-seotlon calculated using 
our effectiva AN Gaussian interaction. 
•T" 
O 
1-6 
\i 
.2 
,-^ 
± X 
004 0 0 0 0. 
k* f f 
0-20 Q-2i 
^ f # i 
l^if •6f Ic cot S I plotted ir»rtu« »* for A p 
t r tp lot eroot«-M4itloa oalotiliit*^! tttinf 
oar •ff«otiTo AH Gr4»siiia Intoroetloii, 
- $a -
earrl«<S oat our analrsis in a aaaaer whioh all<3«8 ua to axaaine 
the i«port«iiee of tiio diffarent faotors* Tiitta «• have ealeulatad 
thi» eontrlbfitloiia to u^ fro« tha maatie eamrgy of tha A part le le , 
the oefitra«of-«aaa eaarsf« tha ralativa 1 « a sstate, the relat ive 
im t State and the apla-Ktependeat parta of the relat ive ^ » o 
wid -^  » t atatea. ^.xpreaatons for the varioaa ooatributiona are 
flven below. Th^ are readily obtained froa e<|n8» (a*IS) and 
( 3 . 23). 
The kinetic energy of the /\ particle 
\ " '^A -18 i - * i 
A 
The oentre-of-Qa»a energy 
m^ V, . , -r r . . ' ^ A __nu , '^A 
The oontribiition fro» the re lat ive ^ « 0 state 
^ 
- 83 -
The eontrlbutlon froa ttoa relat ive -^  • 1 atat^i 
rh@ 8iiiii-dd'i(Mfl«nt oontrltiutlon frcMi the relat ive ^ « u state 
Sc -^(v;-\/;;c{fij) J £ < _ ^ I^ ct,) 
The •pia-d«|i4?ad«iit eontrlbutlon fron tlie re lat ive 1 « 1 state 
The namerlonl valises of these ooatrilnttloiis are given In Table 
TIT for the sdt IVh of the Hicrrao interaotloa, 
13 ft was 9olateci oat by Bodoer cad inrphf , in their 
imnlrfli*! of the f»*shell hjrpemoolel, that the spla<-<lependeo&e 
of the A S interaction was ooapleteljr aasked due to the large 
aneertaintles in b. However^ In our ease the tern (^ \/'^ h ) £ h , 
where Sb In the experimental uaoertalnty in b, i s in three eases 
oonsi dor ably saaller than the eontribntlon frotrn the spin* 
dep#>n(lettt teras Bj ^ and s. .• This may well be dtte to the t&at 
that the present lanoer tain t i e s in the experiaiental r . a . s , radii 
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tare oanni^rmhly taalter* Hiss fa our analysts tba spin* 
dapaadanoe of tlia lateraetion i» oxpeoted to lie fairly wall 
<tatarnlned both in tha relatiTa i « 0 aad i • 1 atataa* 
Tha results dasorlbad in tha prarious saattons show that 
tha Introduetloa of the eeatra-of-aaas aner^y eausas a s l g n l f i * 
aant ahuiga la tha parnaatara of tha A ^ Intaraotlon, particularly 
thosa of the p->>ttata* Tha contribution to tha aeatre-K>f-aias8 
aaari^ i s mninly front tha relat ively high mottaatuat oofflpoaaats of 
the nuclaar and A vavafonotions as It i s the a]q><i>ctatioo •aluc-
of p • wa axpeot the interaction in tha p-state to ba aoro 
sens i t ive to tha h i ^ soaientiMi coaponoats of the naolear and 
wavefttaotion and henoa the introdaotion of tha oeatre«K>f-«aas 
energy ohanfes the intaraation paraoiatars in the p<>state oore 
than in tha s-atata as i s evident fro» our analysis , tha oontri* 
bntion to n^  fron the eantra'-of-aaas energy i s i t s e l f not negl i* 
gible being of tha order of iOi or oiore* 
The introiinatioa of a A wavafunotion ahitJh i s (Uf farant 
for eaeh nnclaus also results in a greater change of tha p-«t«te 
paraieetars. This i s evident fron the values of b^ given for 
Sat III in Table VI, We see that the value of b. for ?He i s not 
i A 
rarr different fron the nean value that «e had ohosen in i e t s I 
and Tly vhereas the valnes of b. for the p-shel l hypermiolei are 
in a l l oases larger nnd s ignifioantly different froa the aeaa 
value of bj previously chosen. Thus the 8pia»independent volune 
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liit«gr«t la th« «-st«tt irtii^ Is aore or le ts d«terala«4 by 
f i t t ing B of ^rie, ronalnt praotleally anoti^eiged wHoroAS tHo 
p->«tate p«rffii«ter«» lAileh ar« «holl)r daterwlaed froa the p««li«ll 
tQrtieniuclal mr^ oonsldariiiiljr ehaagad. itowavar^ we fiad that avaa 
After tha Introduetloa of tHaaa two offoota of a^  data aro not 
well f l t tad . I t I s onlr aftor va tako tha alaa paraaotar t» to 
bo dtffarant for aaeh oiKslaas by taklof I t at Ita aean valoa for 
that mioleua m dataralnad hy aleotroa soattarlng, and al lovlag 
It to vary aithin tha tlmlta of Ita axparl«aatal error tHat wa 
ara AI)1<* to f i t tha n^  data* ^loaavar. I t I s foaad that tha 
lntar««etlon paranetara roaalR alaoat oaaffaotad by this variatioa 
In b ahloh Is Tory snai l . I t aight ha Intaraatlng to point out 
that a f i t to tha B^  data oan ha ohtalaad avaa If wa aaglaot tha 
oentro«>ofHaass ^ffaet «Ad the •arlatlon of the A warafunotlon 
throaghout the p<-ahatl by varying h within tha l ladts of i ta 
axporlaantat arror. f^ownvar, no ra l lab l l l ty oan ha pliraad avon 
on tha qualitative faatnras of the Intaraatloo paraaatara of an 
analysis i^loh neglaota thasa effaeta* 
Tha faot that a apln«dapaadaat wid stata-ladapaadaat 
Inter^ettoa In oni^te to .flva avaa a quailtatlva f i t tinanhlgously 
establishes the l«^ortant faot that the A H lateraotlcm Is atata* 
dependent. This faot Is not Inoonslstant with earl ier analysla 
19«>21 
of p-shell hyperifiaolet • 
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Using th«lr A ^  potftiitlal obtained froa tte« analjrsis of 
o-Mih«tl hrpernttolol ( th i s analysis givos inforsiatioa only atoout 
the /\^ fiotential in ths s - s ta t s ) for obtalniaft a f i t to tho 
low-onorgy /. p soattorlag date, Dal i ts ot al« iavoko a p waro 
potontial . This p'^inre potontial i s attractive la t»otb tho 
s inglet and tr ip le t statos having a strength iil^ioh i s Z0»10% of 
that in the S'^tato. ^Iso their A H potential i s found to have 
a rather snail dogroo of spin<-dependenoe idhoroas our A M i a t e r -
aetion i s soon to have q;»preoiahle spitt<Hlopondeaoe and i s quali-
tatively differont fron that of Dalits ot al« in the p*stato. 
That the spin-apln eoaponent of the ^^ t iatoraetlQai i s quite 
iq^rooiable has boon oonoludod by tho CEdN- leidelborg-farsav 
oolliAioratioa fron their aoasureaadts. Ual i ts et a l . la their 
analysis have obtalaed inforstatlon about the p«stato froa the 
low energy A M soattering data irtiore Infaot tuo p-stato ooatr i -
butlon i s rtirf saal l whereas «o have obtained lnforsMitl<m about 
the p-state froa the B^  data, irtioro this s tate eontrlbutos s lgnl* 
f loaat ly . Therefore our AH lateraotioa in the p<»state i s 
expected to be »or« relialily doleralned. 
Our effootive A H Intoraotlon gives a value of 0^ ocm-
slatent with the eaplrloal estlaatea aado both f<Mr the SiQrrae 
as well as Oanssiim intoraotlon. Also thoAp lo«*Hiaergy soattering 
data 9r9 fa ir ly well reproduced with the Saussinn interaction 
with the Skymo internetion suoh an aaalyais has not beea possible . 
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Th<» fiMocst of our interttoticm In giving a falrljr good aeootant 
of D^  find! lov-enorgy A P soattsring data Is notewortbf and aaeflw 
to «nh«ao« I t s eradlbil i tr* I t would hm intsrsst lng to uss tbls 
intarnotlon in tH« study of s - i^al l hjrparauolei anploylng oorre-
12 tatsd wnvofunotions such as tuoss of Oalits at a l . fhls studK 
elaarlf r e ^ i r s s eonsidarabla eoai^utatlojial affort* 
The prasant data on B^  and D^  ara seen to t>a a(|aally wall 
f i t ted with either Skyrae or aaiissian IntaraetltMi when «e allow 
b to rnTf within the l iwi t s of i t s experiaantal error* Uowever, 
when b l9 fix«>1 at i t s Mean value for eaeh nuoleus the ^ eons i -
derably inereasas in both eases the inorease being tauoh aore for 
the Gaussian interaation. Therefore, a»y preferenee for a parti* 
eular type or i»hape of the A H e f feet lve interaetlon i s not 
possible at present* This me^ poiliaps beooae possible nften aore 
precise data for noolear radii of p-sholl auolei beooiae araildsle* 
At the sa«M tine a aore sophiatioated A warefunotioa, for exaaple 
a do«ri»te-i0«as8i«i, aay also be able to daoide between these and 
other interaetions* Also use of a better nuclear w«reftinoti(m i s 
desiriAle* 
aw in their analysis of p-sbell hypernuolei have worked 
in the frnaework of the nnifora-ahe11 nodeI where constancy of b 
{Old A waveftmction and neglect of the centre«-of-a(uis energy are 
inherent features* The variation of b tiirot^hout the p*shell i s 
Ml effect lAich our analysis shows to be extreaoly iaportant* 
• 39 • 
fhmy ar«« tli«r«for«y tmiri»l« to •:^»l«in the data v l t b e a a t r a l * 
two«ba^ A M foraaa »ad liara fooad i t aeoaasafT to iaeluda i a 
t h a i r aaalyt ia a(m<-o«atral ^ d tbraa^tood^ foreas. sinaa tliay 
hanra also aagl«atad tha v a r i a t i o n of tha A v«rafttaatiaa t l i rea^out 
tha p-shet l and ttM aentra-of-aaaa a f t a e t , wa oaoaot ptaoa angr 
ral i iuioa on tha aatrlar alaaaata of tbo noa-oaatral oad thraa-toody 
foroaa ahieli thay hava ototsinod, ao also tboaa of tha eaat ra l 
twc'4}0^ foreas. 
I n our aaaljrsia «a hora aaglaotad the a f faa t of eora«* 
p o l a r l s a t i o a , Siaca the A p a r t i c l e i a i n the s -a ta ta «e axpaat 
th is a f faa t ta ha rathar aaa l l^ a fact ahiah has also haaa pointed 
ant hy QSO i n t h e i r aaa l rs ia* »o«aver» i t would ha desirahla to 
a a n r <Mit an m a l y s i s taking in to aoeouat tiie e f feot of aora* 
po lar ica t ion and ttsing ha t ta r anolaar varafoaotioaa Mieb aa tbaaa 
ohtaiaad by r«C« Barker • Also i t i s dacirahle to eaplojr a hat ter 
Awarefimotion for example a double aaaasiaa. MoirafVert the f a l l o w 
ing diaaassioa indiaates that auob an analysis i s not l i k e l y to 
ehaage the i i aa l i t a t i ye nature of the in te rae t ioa* 
l a th is oonnaotion i t i s in ta rea t lng to aeatioa that aa 
aaalysia wi th a j<-i oooplad wavefuaotion naing Jkyrae interaot icm 
gives a good f i t to the B^ data . I t gives a value of •aa MaV 
for T>^  abiah i s about 30^ leas than the e a p i r i e a l value* nia 
• s i n feaMraa of th is i a t e r a a t i o n i s i t s aonsiderdhly atraagar 
spin«dependenae than that obtained with the i a t e n w d i a t a s o i l e d 
• to -
wsrefanotlont of Sop«r« Thit tadtoatas tteat at iag io^roircd 
int«nMAlat«Hioiiple<l wavefttnotioas would ylald a f i t oaly aith 
aoaovliat dlfferoat IntoraoUon para»atera« Siaoe iaolualoa of 
ooro^polarlsatlon Mioimti aalnly to s l igbt obaitgea la tHo oo-
•fflolmsta C(Ayl), we do not esrpoot auoh ohaaga In tho qaall* 
tatlTo aatara of the Intoraetion bat oaly sono ottttago la tlia 
paraaatora* 
Tharafora a aora alaborata and detailed analysla i s aot 
l ike ly to girm tmif eignlfloant Inforaatloa about noa*eentral aad 
three-body forees* A avjoh greater precision In the values of b 
•ay glTO a aoaeiriiat poorer f i t bat this oannot reasonably be used 
to obtain any s l ^ l f l e a n t inforaatloa about nmi-oeatral and 
three-body foroes beeautie of th«r oncertalnties associated with 
the single part ic le nuoleon radial lAveftanetlons. Even elaborate 
•atonlations of a^ irith aneh improved vavefunctions and using 
sophlstieated teahalques hardly seea tilcely to give aoy s l g a i f i -
eant infomation about noa«<:cntral end tbree*^ody foreesi th i s 
i s beoausa their e f feets aeea quite saall and are l ikely to be 
•asked by the aaaertainties InherMt in the s l toat lon . 
I t i s possible that sooe infornation as regards these 
foroes mty be obtained froa a study of hyperaaolear exeited 
s tates e to . These studies aay also help in arriving at a eK>re 
anl<|ae A H e f fect ive interaetion. I t need be Mentioned that a 
few p-ahell hypemuclei have not been included in our analysis 
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baoattM tti» r ,«*s. radii of th«ir core w«r« not oral labU. I t 
voald bo dooiri^lo to havo voaourosonts m&ia for tboao. uonovort 
witli aaeortaiatioo in b of tbo prosoat ordor, i t soeas l ikolr 
that tholr 9^ would haro b9«a f i t ted ultli our aiqrrae aod Gauatlaa 
iatoraotioaa. 
8, Coooluatoaa 
In our Mtaljrvio of the p^oholl bjrpornttoloi we boro beea 
ablA to givo a aatlafactory aDOOuat of tbo A •» bladiag oaorgioSf 
tbo iroll doptb of A in oaoloar aattart aad tbo lov^oaorgy A p 
aenttering data vitb an «ffootivo obarge«4ndepeadoat, ooatral 
sf>in<» and atato-^op^Bidoat, tvo-body A H latoractioa. Tbo oeod 
to iatrodBoe tbroo'-bodjr and ooa-ooatral foroes dooa not soon 
to arlao am tbo baaia of tboao data, fbia baa boon pooaiblo 
boomi^o «a Hare tnkea Into aooouat tbo v<uriatioa of b tbrougboiit 
tbe a«i>abell9 aa offoot to wbiob tbo 8^ data are «a«a to bo 
osrtrooolr aoaaitivo. Our offaotlvo AK iBtoraeti<»i ia botb apin* 
emd 8tAto<<>depeadoat9 tbo apin-odopeadeaoo ia approeiidila being 
falrljr well dataratned both in tbe re lat ive ^« u aod -(m i atates* 
be 
The preaont data are soon to(e(|^ally wall f i t ted «i tb 
either Skyrme or Gatiselan intoraotlone tbereb/ indieating tbo 
inaenslt lv l ty of tbe data to the type «ad sbape of tbe A N 
intoraetlon. 
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i t nnat b« •aphaais^a tbat our •ff«ctiYe AM latttrMtionsi 
both <»IC3rri9e and Gcusalaiif are not la m^ way unlq^o. lioweirar, 
r«<;^iring tha Intaraotions to b« ablo to aeoorataly eatlaata D^  
and also raprodaoe the lov<-«nergy A P soattoria^ data reasooflbly 
wall would ol inlaate mimf unraaliatia latoraotloas. 
Finally we woul<f l ike to eomont that i t would ba daidlrablo 
to oarry out an analysis witu t>«tt«r A <^ ^ nuolaar warafnaotloas 
talcing into aoeoant the affaet of oora polarisation in ordar to 
be able to pleoe greater reliaaoe on the iateraotioo paraaeters 
of the effeGtiwe A M lateraetion* It i s possible that ia thia 
ease the agreeawat between theory and expertaient aay not be as 
good as in the present aaalysia. However» we e.tpeot thia dls* 
agreeaeat not to be large enoui^ to allow as to e l l i o i t any s lgn i -
ftoaat inforaatioa about three«M90dy and aoa*eentral foreea^By 
saying this we mf by no aeana aaggeating that such foreea are 
non-exiatent so that their aeareh ia futilOf but only thmt their 
oontrlbtttioa aeeai to be q^ite avail and heaoe situations irtiere they 
are ii^^ortaat should be eareftolly explored, Thereforot suoh a 
eoaplioated analysis i s not at preswit warranted. 
• 93 * 
. U l^mytM «<! I . Palewtkl, PHil, Uag. ±j^ (1993) 343. 
• '4, XuHo ct a l . , » i e l . Ptijrd. £9J (1973) !• 
, G, Bohfli ct al*, MttoU ^hrs. »M (1970) 248. 
• 6 . ^Uxandvr et at«, Flijrs. E«T« J 2 | (1998) 1453* 
. a. Seohl-asoni et «!• , Phys« R«v, ,|T5 (1968) 1T38, 
• h^ 6al» lat Mhr, la Muol. Ptiys, 8 (H» Baraa^ar aad E. V^t» 
•4la«) Pleaaa Praaa, Mew ¥ork (19T3) p. 4 . 
• I .J, daSvart aid C.K. tddlngs, Ptiys. ftar. JJg (1963) 3§ia, 
I,J. daSwart md c.K. Iddlags, Pkjra. Kav. Jja (1963) 319. 
8. I.T. Bro«at B«w. Uo«BS aad C«K. lddlag«| iy(ui. P ^ a . (M«¥») 
12 (WTO) 148. 
J.T. Browit B.tr. Oomia and C.IC. Iddlaga* Naol. Ftgrs. B47 
(19Ta) 138. 
9 . ft.K. Bhadarlf B . A . Loltaau aad Y. Moganlf /Uui. Pk/t . (N.Y.) 
^ (196T) ST. 
10. R.H. Dalit* mad n.W. Doaaa, Phys. Rav. J ^ (1998) 938. 
n.H. Dali ts aad 8.W. Doima, Ptiys. Hav. j ^ ^ (1988) 967. 
R.Tl. Dal i ts and B.W. Dovaa, Phy*. Hev. , | |4 (1999) 993. 
11. B.C. Harndoa, Y.C. fang aad E.w. Sohald, Ptiys. Rav. 13TB 
(196S) 894. 
n.C. Ramdon, Y.C. Taag and g.w. Sehald, Piiys. Hay. 193 (1967) 1091. 
B.C. Ramdmit Y.C. Taag aad E.w. Seined, Ptayi. Eav. 199 (196T) 883. 
l a . B.U. Dal i t s , R.C. Uarndan and Y.C. Taag, Mael. Ptiys« 34T (19T3) 109. 
• 94 • 
19. %K. 3o<ta«r aad i«Tr. ilurphf, Bfaol. Ph^t* f4 (19«S} 593, 
14. w«H. BMsteliit tnd A. a«l , Phfs. H«Y. G^ (t970) 3d. 
19. &• Lortteh ma 3 . Hotatl, f^aovo ClMato, f|^ (1987) 647. 
16* J.w* Marptiy MKI 4 , U . aodaer, Hael, Pbys* ^ (1966) 973. 
17, M. Ray«t, ?ftiol. I»liy». B|9 (1972) 387, 
a, Hajrtt, Muol, Pliys, j a i ( i973) 369. 
13, R,D. Lmraon and 31, Rotanbarg, Maovo Ciaeiito J^ (1969) 449, 
19, T. U « , 3 , Hsl«n and c, cnan-Taal, Piijra. H«Y. jg| (1970) 3e«, 
30, A, Gal, J.4« Sopar and », !, Dal i ts , Ana, Phjra, (!««¥•) ^ 
(1971) 53. 
31, A, Gal, J,^, sopar and E.IU Dal i t s , Ana. Phjra, (M.Y.) J[| 
(1973) 449, 
33, D,V, Vaattiarla and D«Ml, Brink, Pii/s, aair. J^ (1973) d26| 
and referenaea tiiaraln, 
33, M, )iioahlaak)r, ftkiol, Phra, f (1988) 19, 
34, J,w. Kagala, Phya. Rav, ^ (1970) laftO, 
35, C,S, 9a onA h, f«flUta, Ana. ttav, of Mnol, Salaaoa i £ (1909) S37, 
f,A. Baal l iar at a l , Pbra, Kav, C9 (1973) 391. 
I , slok and J . 3 , McCarthy,Nucl, Phya, A190 (1970) G31. 
I . Slek, J.S. »eCarthy aad ti.H. Whltaayt PHya, Latt. t4S (197«) §3. 
3G. C, Clofl dagU a t t l , Mttol, Phya, 413^ (1969) 398. 
37, 1. t«agaattir at a l , Maol, Phya. i|0 (1964) 97, 
I, Uaoona at a l . Phys. Latt, ^S (1969) 394, 
M, D,?4, Rata aad A.R, Bodoar, Hael, Piiys, ^148 (1970) 97. 
• 95 • 
29• A,R« Bod««r imd D,3I, Hotft, la S/opotliui on tint l*r«s«iit 
Status and Noral D«relop«eat« in tha nuolaar aaay Bodjr 
Problen, Rottat Saptaabar^ 1972* 
30, B,w, Doima and .^.E, arypeos, ifuovo Gisanto 44B (1906) 306. 
31« G. ^fnallar and l*w. Clark la Prooaadiosa Intaraational 
Canfaraaea •a Hyn«rauoloar Pnysloa (A*K. aodaar and 
L«6, nyuimf ada.) (I9e9)» p*599. 
32, A«R* Bod«ar and $. Saapanthart jfnol* fhy», $l (1962) 251, 
33, ^.D, 9alaoka, >fttOvo Claanta jy| (1960) 340« 
34, a.W. Daaaa mi W,E. Wara» l^ nys* Rav, j ^ (1964) B134, 
39, !• Oabrawakl and a,t.^» Uaasan, ^hy«, M«y. ^ (1970) 1S63. 
36, M,A« iilalkaiaff, ¥• Sawada and J, ftafaal, iat ittattioda la 
Caoptttatlonal Phytlas 6 (B, Aldar ad,) Aeadaalo Vfrnm, 
Naw York (1966) p . l . 
37« Y, Tang la Prooaadlnga Interaatloaal Confaranoa on 
iljriiamiiolaar Phyalaa (A,A, Bodaar and L,o, liyaan, ads,) (1969) p. 376. 
36, a. »oha at a l . Niial, Ptiys, £1J (1969) 1, 
39, A, BMbargar at a l , ?mcl. Pbyo, ^60 (1973) 1 
40, P,C. Barkar, Sttel, Piiys, f 3 (1966) 418. 
'^^J'I^OUB^ 
